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@  Peptide  derivatives. 

The  invention  concerns  pharmaceutically  useful  trifluo- 
romethyl  ketone  substituted  di-,  tri-  and  tetra-peptide  deriva- 
tives  of  the  formulae  la,  lb,  lc  set  out  hereinafter,  and  salts 
thereof,  which  are  inhibitors  of  humanleukocyte  elastase. 
Also  described  herein  are  pharmaceutical  compositions 
containing  apeptide  derivative  and  processes  and  interme- 
diates  for  use  in  the  manufacture  of  the  peptide  derivatives. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  c e r t a i n  

t r i f l u o r o m e t h y l   k e t o n e   s u b s t i t u t e d   p e p t i d e   d e r i v a -  

t i v e s   w h i c h   a r e   human  l e u k o c y t e   e l a s t a s e   (HLE)  i n h i b -  

i t o r s   m a k i n g   t h e m   u s e f u l   w h e n e v e r   s u c h   i n h i b i t i o n   i s  

d e s i r e d   s u c h   as  f o r   r e s e a r c h   t o o l s   in   p h a r m a c o l o g i c a l ,  

d i a g n o s t i c   and   r e l a t e d   s t u d i e s   and  in   t h e   t r e a t m e n t   o f  

t i s s u e   d e g e n e r a t i v e   d i s e a s e s   s u c h   as  p u l m o n a r y   e m p h y -  

s e m a ,   a t h e r o s c l e r o s i s ,   r h e u m a t o i d   a r t h r i t i s   and  o s t e o  

a r t h r i t i s   in   warm  b l o o d e d   a n i m a l s .   The  i n v e n t i o n   a l s o  

i n c l u d e s   i n t e r m e d i a t e s   u s e f u l   in   t h e   s y n t h e s i s   o f  

t h e s e   p e p t i d e   d e r i v a t i v e s ,   p r o c e s s e s   f o r   p r e p a r i n g  

t h e m ,   p h a r m a c e u t i c a l   c o m p o s i t i o n s   c o n t a i n i n g   s u c h   p e p -  
t i d e   d e r i v a t i v e s   and  m e t h o d s   f o r   t h e i r   u s e .  

The  s u b s t i t u t e d   p e p t i d e s   of  t h e   p r e s e n t  
i n v e n t i o n   may  be  r e p r e s e n t e d   by  t h e   f o l l o w i n g  

f o r m u l a e   I a ,   Ib  and  I c :  



w h e r e i n  
R1  i s   a l k y l ;  
R2  and  R5  a r e   a l k y l ,   s u b s t i t u t e d   a l k y l ,  

a r y l ,   a r a l k y l ,   s u b s t i t u t e d   a r a l k y l   o r   s u b s t i t u t e d  

a r y l ;  
R3  i s   a l k y l ,   s u b s t i t u t e d   a l k y l ,   c y c l o a l k y l ,  

s u b s t i t u t e d   c y c l o a l k y l ,   a l k e n y l ,   s u b s t i t u t e d   a l k e n y l ,  

a r y l ,   s u b s t i t u t e d   a r y l ,   a r a l k y l ,   s u b s t i t u t e d   a r a l k y l ,  

an  a l i p h a t i c   h e t e r o c y c l e ,   s u b s t i t u t e d   a l i p h a t i c  

h e t e r o c y c l e ,   an  a r o m a t i c   h e t e r o c y c l e   or   a  s u b s t i t u t e d  

a r o m a t i c   h e t e r o c y c l e ;  
R 4  a n d   R6  a r e   h y d r o g e n   or   m e t h y l ;  

A  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

a n d  

n  i s   0,  1  or   2 ;  

a n d ,   w h e r e   a p p r o p r i a t e ,   t h e   a c i d -   and   b a s e - a d d i t i o n  

s a l t s   t h e r e o f .  



C o m p o u n d s   of   f o r m u l a e   I a ,   Ib  and  Ic   a r e  

r e f e r r e d   to   h e r e i n   as  d i p e p t i d e s ,   t r i p e p t i d e s   a n d  

t e t r a p e p t i d e s ,   r e s p e c t i v e l y .  

The  c o m p o u n d s   of   t h e   i n v e n t i o n   i n c l u d e   t h o s e  

w h e r e i n  
R1  i s   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to  5 

c a r b o n   a t o m s ,   and  more   p r e f e r a b l y   f r o m  2   to   5  c a r b o n s ;  
R2  and  R5  a r e   e a c h   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  10  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n   a t o m s   s u b s t i t u t e d   by  a t   l e a s t  

one   member   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t -  

i n g   o f :  

(a)   h y d r o x y ;  

(b)  a m i n o ;  

(c)   a l k y l a m i n o   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

(d)  d i a l k y l a m i n o   w h e r e i n   e a c h  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

(g)  a r a l k a n o y l   c o n t a i n i n g   8  to  13  

c a r b o n s ;  

(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen   or  c a r b o n   of   s a i d   a m i d o ;  



( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

(k)   a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  o r   12  c a r -  

b o n s ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  1 3  

c a r b o n s ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  
b o n s ;  

(n)   a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l  g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(q)   a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to   6  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to  14  c a r b o n s ;  



(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

(v)  a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(x)  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n -  

y l )  i n c l u d i n g   a c y l s u l f o n a m i d o   w h e r e i n  

t h e   a c y l   g r o u p   c o n t a i n s   1  to  7  c a r b o n s  

when  i t   i s   t h e   t e r m i n a l   p o r t i o n   of  t h e  

a c y l s u l f o n a m i d e   and  p r o v i d e d   t h a t   w h e n  

t h e   a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l  

t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d   b y  

a  m e m b e r   s e l e c t e d   f r o m  f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and  n i t r o ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to  6  c a r -  

b o n s ;  

(z)   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l  

a m i n o ) ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6,  10  or  12  

c a r b o n s ;  

(bb)   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  



( c c )   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   ( e . g . ,   p h e n y l ,   b i p h e n y l ,   n a p h -  

t h y l ) ;  

(dd)   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   and   s u b s t i t u t e d   by  1  to   3 

m e m b e r s   s e l e c t e d   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   o f   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,  

t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  to   6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (1  to   6  c a r b o n s ) ,   c a r b o x y ,  

5 - t e t r a z o l o ,   and   a c y l s u f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r -  

b o n y l )   (1  to   15  c a r b o n s )   a n d  p r o v i d e d  
t h a t   when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) .  

( f f )   a l k y l u r e i d o   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n s ;  

(gg)   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   8  to  13  

c a r b o n s ;  

(hh)   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s ;   a n d  

( I I I )   an  a r y l   g r o u p   of   6  c a r b o n s ,   e . g .  
p h e n y l .  

R3  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  



( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s   and  f r o m   1  to  4  h e t e r o   a t o m s  

e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ;  
( I I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m  1  

to  12  c a r b o n s   a n d ,   o p t i o n a l l y ,   1  to  4  h e t e r o  

a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t -  

ly   f r o m   t h e   g r o u p   c o n s i s t i n g   of  n i t r o g e n   a n d  

o x y g e n ,   and  s u b s t i t u t e d   on  a t   l e a s t   one  o f  

c a r b o n   or   n i t r o g e n   by  1  to   3  m e m b e r s   s e l e c t -  

ed  i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

o f :  

F o r   c a r b o n :  

(a)   h y d r o x y ,   p r o v i d e d   t h a t   i t  

may  n o t   be  on  a  c a r b o n   d i r e c t l y   b o n d e d  

to  A;  

(b)  a m i n o ,   p r o v i d e d   t h a t   i t   m a y  

n o t   be  on  a  c a r b o n   d i r e c t l y   b o n d e d   t o  

A;  

(c)   a l k y l a m i n o   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ,   p r o v i d e d   t h a t   i t   may  n o t  

be  on  a  c a r b o n   d i r e c t l y   b o n d e d   to  A;  

(d)  d i a l k y l a m i n o   w h e r e i n   e a c h  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ,   p r o v i d e d   t h a t   i t   may  n o t   be  on  a  

c a r b o n   d i r e c t l y   b o n d e d   to  A;  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  



( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

(g)  a r a l k a n o y l   c o n t a i n i n g   8  to   1 3  

c a r b o n s ;  

(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen   or   c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

(k)  a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

( k ) - ( l )   a r y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s   and   i s   s u b s t i t u t e d   by  a  m e m b e r  

s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y c a r b o n y l ,  

w h e r e   a l k o x y   i s   1  to   3  c a r b o n s ,   5 - t e t r a -  

z o l o ,   and   a c y l s u l f o n a m i d o   ( i . e .   a c y l a m i n o -  

s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n y l )   c o n -  

t a i n i n g   1  to  15  c a r b o n s   and   p r o v i d e d   t h a t  

when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l  

t h e  a r y l   may  be  f u r t h e r   s u b s t i t u t e d   by  a  

m e m b e r   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and   n i t r o ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13 

c a r b o n s ;  



( 1 ) - ( 1 )   a r a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s   and  i s   s u b s t i t u t e d   by  a  

member   s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y -  

c a r b o n y l ,   w h e r e   t h e   a l k o x y   h a s   1  to  3 

c a r b o n s ,   5 - t e t r a z o l o ,   and  a c y l s u l f o n a m i d o  

( i . e .   a c y l a m i n o s u l f o n y l   and  s u l f o n y l -  

a m i n o c a r b o n y l )   c o n t a i n i n g   1  to   15  c a r b o n s  

and   p r o v i d e d   t h a t   when  t h e   a c y l s u l f o n a m i d o  

c o n t a i n s   an  a r y l   t h e   a r y l   may  be  f u r -  

t h e r   s u b s t i t u t e d   by  a  member   s e l e c t e d  

f r o m   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   a n d  

n i t r o ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(n)  a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

(s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6,  10  or  12  c a r b o n s ;  



( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to   13  c a r b o n s ;  

(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6  c a r -  

b o n s ;  

( u ) - ( l )   c y c l o a l k y l s u l f o n a m i d o  

w h e r e i n   t h e   c y c l o a l k y l   p o r t i o n   c o n t a i n s  

3  to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,  

a d a m a n t y l ,   n o r b o r n y l ) ;  

(v)   a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   1 3  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  o r   12  c a r -  

b o n s ;  

(x)  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n -  

y l )   (1  to   15  c a r b o n s )   i n c l u d i n g   a c y l s u l -  

f o n a m i d o   w h e r e i n   t h e   a c y l   g r o u p   c o n t a i n s  

1  to  7  c a r b o n s   when  i t   i s   t h e   t e r m i n a l  

p o r t i o n   of   t h e   a c y l s u l f o n a m i d e ,   and   p r o -  
v i d e d   t h a t   when   t h e   a c y l s u l f o n a m i d o   c o n -  

t a i n s   an  a r y l   t h e   a r y l   may  be  f u r t h e r  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   and  n i t r o ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

(z)   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  



13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l -  

a m i n o ) ;  

( z ) - ( l )   a r a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   8  t o  

13  c a r b o n s ;  

( z ) - ( 2 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or  12  c a r b o n s ;  

( z ) - ( 3 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s   and   i s  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

a m i n o c a r b o n y l ,   a m i n o c a r b o n y l a l k y l   w h e r e  

t h e  a l k y l   h a s   1  to  3  c a r b o n s ,   a l k o x y -  

c a r b o n y l   h a v i n g   1  to  3  c a r b o n s ,   a n d  

c a r b o x y ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6,  10  or  1 2  

c a r b o n s ;  

( a a ) - ( l )   a r y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  10 

or  12  c a r b o n s ;  

(bb)   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

( b b ) - ( l )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   and  i s   o p t i o n a l l y   b o n d e d   o n  

c a r b o n  t o   a  c a r b o n   of   an  a r o m a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   in   ( g g )  

u n d e r   R 3 ;  

( b b ) - ( 2 )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  



6  c a r b o n s   s u b s t i t u t e d   by  an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   in   ( f f )  

u n d e r   R 3 ;  

( b b ) - ( 3 )   a r y l o x y a l k y l c a r b o n y l -  

a m i n o   w h e r e i n   t h e   a r y l   c o n t a i n s   6  or  10  

c a r b o n s   and   t h e   a l k y l   h a s   1  to   6  c a r -  

b o n s ;  

( b b ) - ( 4 )   a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s   1  to   6 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   ( e . g . ,   p h e n y l ,   n a p h t h y l ,   b i p h e n -  

y l ) ;  

( c c ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

o r   12  c a r b o n s ;  

(dd)   a r y l   c o n t a i n i n g   6,  10  o r   1 2  

c a r b o n s   a n d  s u b s t i t u t e d   by  1  to   3  m e m -  

b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f   c h l o r o ,   b r o m o ,  

i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  

a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6 

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r -  

b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l   ( 2  

to  6  c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a -  

z o l o ,   and  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n y l )  

(1  to  15  c a r b o n s ) ,   and   p r o v i d e d   t h a t  

when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l  

t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d   b y  

a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,  i o d o   and  n i t r o ;  



( d d ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s   and  s u b s t i t u t e d   on  c a r b o n  

by  1  to  3  m e m b e r s   i n d e p e n d e n t l y   s e l e c -  

t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   h y d r o x y ,  

t r i f l u o r o m e t h y l ,   a l k y l   (1  to  6  c a r -  

b o n s ) ,   a l k o x y   (1  to  6  c a r b o n s ) ,   a l k o x y -  

c a r b o n y l   (2  to  6  c a r b o n s ) ,   c a r b o x y ,  

a m i n o c a r b o n y l a l k y l   (2  to  6  c a r b o n s ) ,  

a m i n o c a r b o n y l ,   5 - t e t r a z o l o ,   a c v l s u l f o n -  

a m i d o   ( i . e .   a c y l a m i n o s u l f o n y l   and  s u l f o n -  

y l a m i n o c a r b o n y l )   (1  to  15  c a r b o n s )   a n d  

p r o v i d e d   t h a t   when   t h e   a c y l s u l f o n a m i d o  

c o n t a i n s   an  a r y l   t h e   a r y l   may  be  f u r t h e r  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   and  n i t r o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ;  

( e e ) - ( l )   c y c l o a l k y l o x y   c o n t a i n i n g  

f r o m   3  to  15  c a r b o n s ;  

( f f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   of   a t   l e a s t   4  a t o m s   c o n t a i n i n g  

f r o m   1  to  5  c a r b o n s   and   f r o m   1  to  4 

h e t e r o   a t o m s   e a c h   of  w h i c h   i s   s e l e c t -  

ed  i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   of   n i t r o g e n   and   o x y g e n   ( e . g . ,  

m o r p h o l i n e ,   p i p e r a z i n e ) ,   w h e r e i n  

t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p   m a y  

o p t i o n a l l y   c o n t a i n   1  or  2  d o u b l e  

b o n d ( s ) ,   w h i c h   a l i p h a t i c   h e t e r o c y c l i c  



g r o u p   may  be  s u b s t i t u t e d   a t   any  n i t r o -  

gen   w i t h   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m  

1  to   6  c a r b o n s ,   an  a l k a n o y l   g r o u p   c o n -  

t a i n i n g   f r o m   1  to   6  c a r b o n s ,   an  a r y l -  

o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  o r   12  c a r b o n  

a t o m s ,   an  a r a l k y l o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m  

7  to   13  c a r b o n s   or   an  a l k o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s  

f r o m   1  to  6  c a r b o n s ;  

( f f ) - ( l )   an  a l i p h a t i c   h e t e r o -  

c y c l i c   oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k  

t h e   i s   b o n d e d   d i r e c t l y   to  a  c a r b o n   a t o m  

of   t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f  

a t   l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   a n d  f r o m   1  to   4  h e t e r o   a t o m s  

e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n  

and  o x y g e n ,   ( e . g . ,   m o r p h o l i n e ,  

p i p e r a z i n e ) ,   w h e r e i n   t h e   a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   may  o p t i o n a l l y   c o n -  

t a i n   1  or   2  d o u b l e   b o n d ( s ) ,   w h i c h   a l i -  

p h a t i c   h e t e r o c y c l i c   g r o u p   may  be  s u b -  

s t i t u t e d   a t   any   n i t r o g e n   w i t h   an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,  

an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  10  

or   12  c a r b o n s ,   an  a r a l k y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r a l k y l   g r o u p   c o n -  



t a i n s   f r o m   7  to   13  c a r b o n s   or   an  a l k -  

o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to  6  c a r b o n s ;  

(gg)   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   c o n t a i n i n g   (1)  f r o m   1  to  15  c a r -  

b o n s   and  f r o m   1  to   4  h e t e r o a t o m s   e a c h  

of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   o f  s u l f u r ,   n i t r o -  

gen  and  o x y g e n   and  (2)  f r o m   1  to  3  f i v e  

or  s i x - m e m b e r e d   r i n g s   a t   l e a s t   one  o f  

w h i c h   i s   a r o m a t i c ,   and  o p t i o n a l l y ,  

w h e r e i n   up  to  3  c a r b o n s   of   t h e   a r o m a t i c  

r i n g ( s )   m a y  b e   s u b s t i t u t e d   w i t h   a  

m e m b e r   of   t h e   g r o u p   c o n s i s t i n g   o f  

f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o -  

m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1  to   6 

c a r b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1  to  6 

c a r b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n s ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l  

(2  to  6  c a r b o n s )   and  a m i n o c a r b o n y l ,   a n d  

p r o v i d e d   f u r t h e r   t h a t   any  n i t r o g e n   a t o m  

may  be  s u b s t i t u t e d   by  an  a l k y l   g r o u p  

c o n t a i n i n g   f r o m   1  to  6  c a r b o n   a t o m s ;  

( g g ) - ( l )   an  a r o m a t i c   h e t e r o c y c l i c  

oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   of   an  a r o -  

m a t i c   h e t e r o c y c l i c   g r o u p   c o n t a i n i n g   ( 1 )  

f r o m   1  to  15  c a r b o n s   and  f r o m   1  to  4 

h e t e r o a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  



of   s u l f u r ,   n i t r o g e n   and   o x y g e n   and  ( 2 )  

f r o m   1  to   3  f i v e   or   s i x - m e m b e r e d   r i n g s  

a t   l e a s t   one   of   w h i c h   i s   a r o m a t i c ,   a n d  

o p t i o n a l l y ,   w h e r e i n   up  to   3  c a r b o n s   o f  

t h e   a r o m a t i c   r i n g ( s )   may  be  s u b s t i t u t e d  

w i t h   a  member   of   t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i -  

f l u o r o m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1 

to   6  c a r b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m  

2  to   6  c a r b o n s ,   c a r b o x y ,   a m i n o c a r b o n y l -  

a l k y l   (2  to   6  c a r b o n s )   and   a m i n o c a r b o n -  

y l ,   and   p r o v i d e d   f u r t h e r   t h a t   any   n i -  

t r o g e n   a t o m   may  be  s u b s t i t u t e d   by  a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r -  

b o n s ;  

(hh)   a l k y l u r e i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n  

a t o m s ;  

( h h ) - ( l )   c y c l o a l k y l u r e i d o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   3  to   15  c a r -  

b o n s ;  

( i i )   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s ;  

( j j )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( j j ) - ( l )   a r y l u r e i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s  

and  i s   s u b s t i t u t e d   by  1  to  3  m e m b e r s  

s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e   g r o u p  



c o n s i s t i n g   of   c h l o r o ,   b r o m o ,   i o d o ,  

f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l  

(1  to  6  c a r b o n s ) ,   a l k o x y   (1  to  6  c a r -  

b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r b o n s ) ,  

c a r b o x y ,   a m i n o c a r b o n y l a l k y l   (2  to   6  c a r -  

b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a z o l o ,   a n d  

a c y l s u l f o n a m i d o   ( i . e .   a c y l a m i n o s u l f o n y l  

and   s u l f o n y l a m i n o c a r b o n y l )   (1  to  15  c a r -  

b o n s )   i n c l u d i n g   a c y l s u l f o n a m i d o   w h e r e i n  

t h e   a c y l   g r o u p   c o n t a i n s   1  to  7  c a r b o n s  

when   i t   i s   t h e   t e r m i n a l   p o r t i o n   of   t h e  

a c y l s u l f o n a m i d e   and  p r o v i d e d   t h a t   w h e n  

t h e   a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l   t h e  

a r y l   may  be  f u r t h e r   s u b s t i t u t e d   by  a  

m e m b e r   s e l e c t e d   f rom  f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and  n i t r o ;  

For   n i t r o g e n :  

(a)   a l k y l   of  1  to   3  c a r b o n s ;  

(b)  a l k a n o y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n   a t o m s ;  

(c)   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or  12  c a r b o n s ;  

(d)  a r a l k a n o y l   c o n t a i n i n g   8  to  14  

c a r b o n s ;  

(e)   f o r m y l ;  

( f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s   b o n d e d  

d i r e c t l y   to  a  c a r b o n   of  an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   d e f i n e d   in   ( f f )   f o r  

t h e   c a r b o n   s u b s t i t u e n t s ;  



(g)  an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s   b o n d e d  

d i r e c t l y   to  a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l i c   g r o u p   d e f i n e d   in   (gg)   f o r  

t h e   c a r b o n   s u b s t i t u e n t s .  

( IV)   an  a r y l   g r o u p   c o n t a i n i n g   6,  10  o r  

12  c a r b o n s ;  

(V)  an  a r y l   g r o u p   c o n t a i n i n g   6,  10  o r  

12  c a r b o n s   s u i t a b l y   s u b s t i t u t e d   by  1  to   3 

m e m b e r s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f   f l u o r o ,   c h l o r o ,   b r o m o ,  

i o d o ,   t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   c o n -  

t a i n i n g   f r o m   1  to   6  c a r b o n s ,   a l k o x y   c o n t a i n -  

i n g   f r o m   1  to   6  c a r b o n s ,   a l k o x y c a r b o n y l  

c o n t a i n i n g   f r o m   2  t o   6  c a r b o n s ,   c a r b o x y ,  

a l k y l c a r b o n y l a m i n o   w h e r e i n   t h e   a l k y l   g r o u p  
c o n t a i n s   1  to   6  c a r b o n s ,   5 - t e t r a z o l o ,   a n d  

a c y l s u l f o n a m i d o   ( i . e .   a c y l a m i n o s u l f o n y l   a n d  

s u l f o n y l a m i n o c a r b o n y l )   c o n t a i n i n g   f r o m   1  t o  

15  c a r b o n s ,   and   p r o v i d e d   t h a t   when   t h e   a c y l -  

s u l f o n a m i d o   c o n t a i n s   an  a r y l   t h e   a r y l   may  b e  

f u r t h e r   s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   and  n i t r o ;  

(VI)   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g   f r o m  

3  to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a m a n t y l ,  

n o r b o r n y l ) ;  

( V I ) - ( 1 )   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g  

f r o m   3  to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ,   s u b s t i t u t e d   by  a  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   c a r -  

b o x y   and  a l k o x y c a r b o n y l   w h e r e i n   t h e   a l k o x y  

g r o u p   c o n t a i n s   1  to  4  c a r b o n s ;  



( V I I )   an  a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f  

a t   l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and  f r o m  1   to   4  h e t e r o   a t o m s   e a c h   o f  

w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   n i t r o g e n   and  o x y g e n ,  

( e . g . ,   m o r p h o l i n e ,   p i p e r a z i n e )   w h i c h   may  b e  

s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r b o n  

a t o m s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p   w h e r e -  

in   t h e   a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s ,  

an  a r a l k o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a r a l k y l  

g r o u p   c o n t a i n s   f r o m   7  to  13  c a r b o n s   and   a n  

a l k o x y c a r b o n y l   g r o u p   c o n t a i n i n g   f r o m   2  to   7 

c a r b o n s ,   p r o v i d e d   t h a t   when   A  i s   OCO  or   NHCO 

t h e n   A  m u s t   be  b o n d e d   to  a  c a r b o n   a t o m   o f  

t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p ;  

( V I I I )   an  a r o m a t i c   h e t e r o c y c l i c   g r o u p  

c o n t a i n i n g   (a)   f r o m   1  to  15  c a r b o n s   a n d  

f r o m   1  to  4  h e t e r o a t o m s   e a c h   of  w h i c h   i s  

s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   of   s u l f u r ,   n i t r o g e n   and  o x y g e n ,   a n d  

(b)  f r o m   1  to   3  f i v e   or   s i x - m e m b e r e d   r i n g s  

a t   l e a s t   one  of   w h i c h   i s   a r o m a t i c ,   and  o p -  

t i o n a l l y ,   w h e r e i n   up  to  3  c a r b o n s   of   t h e  

a r o m a t i c   r i n g ( s )   may  be  s u b s t i t u t e d   a t   a n y  
c a r b o n   a t o m   w i t h   a  member   of   t h e   g r o u p   c o n -  

s i s t i n g   of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i -  

f l u o r o m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1  to  6 



c a r b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1  to   6  c a r -  

b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m   2  to   6  c a r -  

b o n s ,   c a r b o x y ,   and   p r o v i d e d   f u r t h e r   t h a t   a n y  

n i t r o g e n   may  be  s u b s t i t u t e d   by  an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r b o n s ,   p r o -  
v i d e d   t h a t   when   A  i s   OCO  or   NHCO  t h e n   A  m u s t  

be  b o n d e d   to   a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l e ;  

( IX)   an  a l k e n y l   g r o u p   o f   2  to   10  c a r -  

b o n s ,   h a v i n g   a t  l e a s t   one   d o u b l e   b o n d ;   a n d  

(X)  an  a l k e n y l   g r o u p   o f   2  to   10  c a r -  

b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d   a n d  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f  

(a)   a r y l   of   6  or   10  c a r b o n s ;  

(b)  a r y l   of   6  or   10  c a r b o n s   s u b -  

s t i t u t e d   b y - 1   to   3  m e m b e r s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   h y -  

d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  to   6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (2  to  6  c a r b o n s ) ,   c a r b o x y ,  

5 - t e t r a z o l o ,   and   a c y l s u l f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r -  

b o n y l )   (1  to   15  c a r b o n s )   and   p r o v i d e d  

t h a t   when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  member   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;   a n d  

(c)  u r e i d o c a r b o n y l .  



R4  and  R6  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

h y d r o g e n   or   m e t h y l ;  

n  i s   0,  1  or   2;  a n d  

A  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

a n d  

w h e r e   a p p r o p r i a t e ,   t h e   a c i d -   and  b a s e - a d d i t i o n   s a l t s  

t h e r e o f .  

P a r t i c u l a r   v a l u e s   f o r   c o m p o u n d s   of   t h e  

i n v e n t i o n   i n c l u d e   t h e   f o l l o w i n g   m e m b e r s   of   t h e   g r o u p s  
d e f i n e d   a b o v e :  

R1  i s   an  a l k y l   g r o u p   c o n t a i n i n g   3  c a r b o n s ;  
R 2  a n d   R5  a r e   e a c h   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  4  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  4  c a r b o n s   s u b s t i t u t e d   by  a t   l e a s t  o n e  

m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t -  

i n g   o f :  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

3  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6  or  10  c a r b o n s   ( e . g . ,   p h e n y l  

or  n a p h t h y l ) ;  

(g)  a r a l k a n o y l   c o n t a i n i n g   8  c a r -  

b o n s   ( e . g . ,   p h e n y l a c e t y l ) ;  



(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen  or   c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

' t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  2 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e  a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   2 

c a r b o n s ;  

(k)  a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s   ( e . g . ,  

p h e n y l ) ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s ;  

(n)  a r a l k y a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s ;  

(q)   a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   7  c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to   2  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   8 

c a r b o n s ;  

(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6  c a r b o n s ;  



(v)  a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s   ( e . g . . , . l - n a p h t h y l m e t h y l s u l f o n y l -  
a m i n o   or   4 - p h e n y l b u t y l s u l f o n y l a m i n o ) ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  

(x)  a c y l s u l f o n a m i d o   c o n t a i n i n g   1 

to  15  c a r b r o n s   ( e . g .   p h e n y l s u l f o n y l -  

a m i n o c a r b o n y l ) ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to  2  c a r -  

b o n s ;  

(z)   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   7  c a r b o n s  

( e . g . ,   b e n z y l o x y c a r b o n y l a m i n o ) ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6  c a r b o n s ;  

(bb)   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to  3 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6  or   10  c a r -  

b o n s   ( e . g . ,   p h e n y l   or   n a p h t h y l ) ;  

(dd)   a r y l   c o n t a i n i n g   6  or  10  c a r -  
b o n s   and  s u b s t i t u t e d   by  1  to  3  m e m b e r s  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   t r i f l u o r o -  

m e t h y l ,   h y d r o x y ,   a l k y l   (1  to  2  c a r -  

b o n s ) ,  a l k o x y   (1  to  2  c a r b o n s ) ,   a l k o x y -  

c a r b o n y l   (2  to  3  c a r b o n s ) ,   c a r b o x y ,   5 -  

t e t r a z o l o   and  a c y l s u f o n a m i d o   (1  to  15 

c a r b o n s ) ;  



( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) .  

( f f )   a l k y l u r e i d o   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  t o  2   c a r b o n s ;  

(gg)   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s ;  

(hh)   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;   a n d  

( I I I )   an  a r y l   g r o u p   of   6  c a r b o n s .  

R3  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   12  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   12  c a r b o n s   and  f r o m   1  to   4  h e t e r o   a t o m s  

e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ;  
( I I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s   a n d ,   o p t i o n a l l y ,   1  to  4  h e t e r o  

a t o m s   e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t -  

ly   f r o m   t h e   g r o u p   c o n s i s t i n g   of  n i t r o g e n   a n d  

o x y g e n ,   and   s u b s t i t u t e d   on  a t   l e a s t   one   o f  

c a r b o n   or   n i t r o g e n   by  1  to   3  m e m b e r s   s e l e c -  

t e d   i n d e p e n d e n t l y   f r o m  t h e   g r o u p   c o n s i s t i n g  
o f :  

For   c a r b o n :  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  



(g)  a r a l k a n o y l   c o n t a i n i n g   8  to  13  

c a r b o n s ;  

(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen  or  c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

(k)  a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or  10  c a r b o n s ;  

( k ) - ( l )   a r y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s  

and  i s   s u b s t i t u t e d   by  a  member   s e l e c t e d  

f r o m   c a r b o x y ,   a l k o x y c a r b o n y l ,   w h e r e  

a l k o x y   i s   1  to  3  c a r b o n s ,   5 - t e t r a z o l o ,  

and  a c y l s u l f o n a m i d o   c o n t a i n i n g   1  to  15  

c a r b o n s ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f rom  7  to  13  

c a r b o n s ;  

( 1 ) - ( 1 )   a r a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s   and  i s   s u b s t i t u t e d   by  a  

m e m b e r   s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y -  

c a r b o n y l ,   w h e r e   t h e   a l k o x y   h a s   1  to  3 

c a r b o n s ,   5 - t e t r a z o l o ,   and  a c y l s u l f o n a m i d o  

c o n t a i n i n g   1  to  15  c a r b o n s ;  



(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  

(n)  a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  

(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   2 

to   3  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6  o r   10  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to   13  c a r b o n s ;  

(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( u ) - ( l )   c y c l o a l k y l s u l f o n a m i d o  

w h e r e i n   t h e   c y c l o a l k y l   p o r t i o n   c o n t a i n s  

3  to  15  c a r b o n s   ( e . g . ,   t h e   c y c l o -  

a l k y l   may  be  c y c l o h e x y l ,   a d a m a n t y l ,   n o r -  

b o r n y l ) ,   e . g . ,   I - a d a m a n t y l s u l f o n y l -  

a m i d o ;  

(v)  a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or  10  c a r b o n s ;  



(x)  a c y l s u l f o n a m i d o   c o n t a i n i n g   1 

to  15  c a r b o n s ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to  3  c a r -  

b o n s ;  

(z)   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l -  

a m i n o ) ;  

( z ) - ( l )   a r a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s ;  

( z ) - ( 2 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( z ) - ( 3 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or  12  c a r b o n s   and  i s  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

a m i n o c a r b o n y l ,   a m i n o c a r b o n y l a l k y l   w h e r e  

t h e   a l k y l   has   1  to  3  c a r b o n s ,   a l k o x y -  

c a r b o n y l   h a v i n g  2   to  4  c a r b o n s ,   a n d  

c a r b o x y ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6  or   10  c a r -  

b o n s ;  

( a a ) - ( l )   a r y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6  or  10  

c a r b o n s ;  

(bb)   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  



( b b ) - ( l )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   and   i s   o p t i o n a l l y   b o n d e d   to   a  

c a r b o n   of   an  a r o m a t i c   h e t e r o c y c l i c   g r o u p  

as  d e s c r i b e d   i n   (gg)   u n d e r   R 3  

( b b ) - ( 2 )   a l k o x y c a r b o n y l a m i n o  
w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   s u b s t i t u t e d   by  an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   i n   ( f f )  

u n d e r   R 3 ;  

( b b ) - ( 3 )   a r y l o x y a l k y l c a r b o n y l -  

a m i n o   w h e r e i n   t h e   a r y l   c o n t a i n s   6  or   10  

c a r b o n s   and   t h e   a l k y l   h a s   1  to   6  c a r -  

b o n s ;  

( b b ) - ( 4 )   a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s   1  to   6 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6  o r   10  c a r -  

b o n s   ( e . g . ,   p h e n y l   or  n a p h t h y l ) ;  

( c c ) - ( l )   a r y l o x y   c o n t a i n i n g   6  o r  

10  c a r b o n s ;  

(dd)   a r y l   c o n t a i n i n g   6,  10  o r   1 2  

c a r b o n s   and   s u b s t i t u t e d   by  1  to   3  m e m -  

b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f   c h l o r o ,   b r o m o ,  

i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  

a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6 

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r -  

b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l   ( 2  

to  6  c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a -  

z o l o ,   and  a c y l s u l f o n a m i d o   (1  to   15 

c a r b o n s ) ;  



( d d ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s   and  s u b s t i t u t e d   by  1  to  3 

m e m b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   c h l o r o ,   b r o m o ,  

i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  

a l k y l   (1  to  6  c a r b o n s ) ,   a l k o x y   (1  to   6 

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r -  

b o n s ) ,   c a r b o x y ,   a c y l s u l f o n a m i d o   (1  t o  

15  c a r b o n s ) ,   a m i n o c a r b o n y l a l k y l   (2  to  6 

c a r b o n s ) ,   a m i n o c a r b o n y l   and  5 - t e t r a -  

z o l o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l   or  n o r b o r n y l ) ;  

( e e ) - ( l )   c y c l o a l k y l o x y   c o n t a i n i n g  

f r o m   3  to  15  c a r b o n s ;  

( f f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   of   a t   l e a s t   5  a t o m s   c o n t a i n i n g  

f r o m   1  to  5  c a r b o n s   and   f r o m   1  to  4 

h e t e r o   a t o m s   e a c h   of  w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   n i t r o g e n   and  o x y g e n   ( e . g . ,   m o r p h o -  

l i n e ,   p i p e r a z i n e ) ,   w h e r e i n   t h e   a l i -  

p h a t i c   h e t e r o c y c l i c   g r o u p   may  o p t i o n -  

a l l y   c o n t a i n   1  or  2  d o u b l e   b o n d ( s ) ,  

w h i c h   a l i p h a t i c   h e t e r o c y c l i c   g r o u p   m a y  
be  s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a n  



a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to  6  c a r -  

b o n s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m  

2  to   6  c a r b o n s ,   an  a r y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s  

6,  10  o r   12  c a r b o n s ,   an  a r a l k y l o x y c a r -  

b o n y l   g r o u p   w h e r e i n   t h e   a r a l k y l   g r o u p  
c o n t a i n s   f r o m   7  to  13  c a r b o n s   or   a n  

a l k o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n s ;  

( f f ) - ( l )   an  a l i p h a t i c   h e t e r o -  

c y c l i c   oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k  

i s   b o n d e d   d i r e c t l y   to   a  c a r b o n   o f   an  a l i -  

p h a t i c   h e t e r o c y c l i c   g r o u p   of   a t   l e a s t  

5  a t o m s   c o n t a i n i n g   f r o m   1  t o  5   c a r b o n s  

and   f r o m   1  to   4  h e t e r o   a t o m s   e a c h   o f  

w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   a n d  

o x y g e n ,   w h e r e i n   t h e   a l i p h a t i c   h e t e r o -  

c y c l i c   g r o u p '  m a y   o p t i o n a l l y   c o n t a i n   1 

or   2  d o u b l e   b o n d ( s ) ,   w h i c h   a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   may  be  s u b s t i t u t e d  

a t   any  n i t r o g e n   w i t h   an  a l k y l   g r o u p  

c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,   an  a l k -  

a n o y l   g r o u p   c o n t a i n i n g   f r o m  2   to  6  c a r -  

b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p   w h e r e i n  

t h e  a r y l   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s ,   an  a r a l k y l o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m  

7  to   13  c a r b o n s   or   an  a l k o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s  



f r o m   1  t o  6   c a r b o n s   ( e . g . ,   m o r p h o l i n e ,  

p i p e r a z i n e ) ;  

(gg)   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   c o n t a i n i n g   (1)  f r o m   1  to  15  

c a r b o n s   and  f r o m   1  to  4  h e t e r o a t o m s  

e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   s u l f u r ,  

n i t r o g e n   and  o x y g e n   a n d  ( 2 )   f r o m   1  to   2 

f i v e   or  s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h   i s   a r o m a t i c ,   and  o p t i o n a l l y ,  

w h e r e i n   up  to  3  c a r b o n s   of  t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   w i t h   a  m e m -  

b e r   of   t h e   g r o u p   c o n s i s t i n g   of   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o m e t h y l ,  

a l k y l   c o n t a i n i n g   m e t h y l ,   a l k o x y   c o n -  

t a i n i n g   f r o m   1  to  2  c a r b o n s ,   a l k a n o y l  

c o n t a i n i n g   f r o m   2  to   3  c a r b o n s ,   c a r -  

b o x y ,   a m i n o c a r b o n y l a l k y l   (2  to  6  c a r -  

b o n s )   and   a m i n o c a r b o n y l ,   and  p r o v i d e d  

f u r t h e r   t h a t   any  n i t r o g e n   a t o m   may  b e  

s u b s t i t u t e d   by  an  a l k y l   g r o u p   c o n t a i n -  

i n g   f r o m   1  to  6  c a r b o n s ;  

( g g ) - ( l )   an  a r o m a t i c   h e t e r o c y c l i c  

oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   a t o m   of  a n  

a r o m a t i c   h e t e r o c y c l i c   g r o u p   c o n t a i n i n g  

(1)  f r o m   1  to  15  c a r b o n s   and  f r o m   1  t o  

4  h e t e r o a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   s u l f u r ,   n i t r o g e n   and  o x y g e n   and  ( 2 )  

f r o m   1  to  2  f i v e   or   s i x - m e m b e r e d   r i n g s  



a t   l e a s t   one  of   w h i c h   i s   a r o m a t i c ,   a n d  

o p t i o n a l l y ,   w h e r e i n   u p  t o   3  c a r b o n s   o f  

t h e   a r o m a t i c   r i n g ( s )   may  be  s u b s t i t u t e d  

w i t h   a  member   o f   t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i -  

f l u o r o m e t h y l ,   m e t h y l ,   a l k o x y   c o n t a i n i n g  

f r o m   1  to  2  c a r b o n s ,   a l k a n o y l   c o n t a i n -  

i n g   f r o m   2  to  3  c a r b o n s ,   c a r b o x y ,  

a m i n o c a r b o n y l a l k y l   (2  to   6  c a r b o n s )   a n d  

a m i n o c a r b o n y l ,   and  p r o v i d e d   f u r t h e r  

t h a t   any   n i t r o g e n   a t o m   may  be  s u b s t i -  

t u t e d   by  an  a l k y l   g r o u p   c o n t a i n i n g   f r o m  

1  to   6  c a r b o n s ;  

(hh)   a l k y l u r e i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( h h ) - ( l )   c y c l o a l k y l u r e i d o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   3  to   15  c a r -  

b o n s ;  

( i i )   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

( j j )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  

( j j ) - ( l )   a r y l u r e i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s   a n d  

i s   s u b s t i t u t e d   by  1  to   3  m e m b e r s   i n d e -  

p e n d e n t l y   s e l e c t e d   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,  

h y d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l   (1  to  6 

c a r b o n s ) ,   a l k o x y   (1  to   6  c a r b o n s ) ,   a l k -  



o x y c a r b o n y l   (2  to  6  c a r b o n s ) ,   c a r b o x y ,  

a c y l s u l f o n a m i d o   (1  to   15  c a r b o n s ) ,  

a m i n o c a r b o n y l a l k y l   (2  t o  6   c a r b o n s ) ,  

a m i n o c a r b o n y l   and  5 - t e t r a z o l o ;  

Fo r   n i t r o g e n :  

(a)   a l k y l   of  1  to  3  c a r b o n s ;  

(b)  a l k a n o y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n s ;  

(c)   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

(d)  a r a l k a n o y l   c o n t a i n i n g   8  to   1 3  

c a r b o n s ;  

(e)   f o r m y l ;  

( f )   an  a l i p h a t i c   h e t e r o c y c l i c  

a m i n o   g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   of   an  a l i -  

p h a t i c   h e t e r o c y c l i c   g r o u p   d e f i n e d   i n  

( f f )   f o r   t h e   c a r b o n   s u b s t i t u e n t s ;  

(g)  an  a r o m a t i c   h e t e r o c y c l i c  

a m i n o   g r o u p   w h e r e i n   t h e   amino   l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   o f  t h e   a r o -  

m a t i c   h e t e r o c y c l i c   g r o u p   d e f i n e d   i n  

(gg)   f o r   t h e   c a r b o n   s u b s t i t u e n t s .  

( IV)  an  a r y l   g r o u p   c o n t a i n i n g   6  or  10  

c a r b o n s ;  

(V)  an  a r y l   g r o u p   c o n t a i n i n g   6  or  10  

c a r b o n s   s u i t a b l y   s u b s t i t u t e d   by  1  to  3  m e m -  

b e r s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e   g r o u p  

c o n s i s t i n g   of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,  

t r i f l u o r o m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1  to  6 



c a r b o n s ,   a l k o x y c a r b o n y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n s ,   c a r b o x y ,   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   1  to  6  c a r b o n s ,   5 -  

t e t r a z o l o ,   and   a c y l s u l f o n a m i d o   c o n t a i n i n g  

f r o m   1  to   15  c a r b o n s   ( e . g . ,   4 - [ ( 4 - c h l o r o p h e n y l ) -  

s u l f o n y l a m i n o c a r b o n y l ] p h e n y l   or   4 - [ ( 4 - b r o m o -  

p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n y l ) ;  

(VI)   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g   f r o m  

3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a m a n t y l  

or   n o r b o r n y l ) ;  

( V I ) - ( l )   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g  

f r o m   3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l  o r   n o r b o r n y l ) ,   s u b s t i t u t e d   by  a  m e m -  

b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

c a r b o n   and  a l k o x y c a r b o n y l   w h e r e i n   t h e   a l k o x y  

g r o u p   c o n t a i n s   1  to   4  c a r b o n s ;  

( V I I )   an  a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f  

a t   l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and   f r o m   1  to   4  h e t e r o   a t o m s   e a c h   o f  

w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ,   ( e . g . ,  

m o r p h o l i n e ,   p i p e r a z i n e ) ,   w h i c h   may  be  s u b s t i -  

t u t e d   a t   any  n i t r o g e n   w i t h   a  m e m b e r   s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f   m e t h y l ,   an  a l k a -  

n o y l   g r o u p   c o n t a i n i n g   f r o m   2  to   6  c a r b o n s ,   a n  

a r y l o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n -  

t a i n s   6  or   10  c a r b o n s ,   an  a r a l k o x y c a r b o n y l   g r o u p  



w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s  

and   an  a l k o x y c a r b o n y l   g r o u p   c o n t a i n i n g   f r o m  

2  to   3  c a r b o n s ,   p r o v i d e d   t h a t   when   A  i s   OCO 

or  NHCO,  t h e n   A  m u s t   be  b o n d e d   to  a  c a r b o n  

of   t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p ;  
( V I I I )   an  a r o m a t i c   h e t e r o c y c l i c   g r o u p  

c o n t a i n i n g   (a)   f r o m   1  to  15  c a r b o n s   and  f r o m  

1  to  4  h e t e r o a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

s u l f u r ,   n i t r o g e n   and  o x y g e n ,   and  (b)  f r o m   1 

to  2  f i v e   or  s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h  i s   a r o m a t i c ,   and  o p t i o n a l l y ,  

w h e r e i n   up  to   3  c a r b o n s   of  t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   a t   any  c a r b o n  

a t o m   w i t h   a  member   of  t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o -  

m e t h y l ,   m e t h y l ,   a l k o x y   c o n t a i n i n g   f r o m   1  t o  

2  c a r b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m   2  to  3 

c a r b o n s ,   c a r b o x y ,   and  p r o v i d e d   f u r t h e r   t h a t  

any  n i t r o g e n   may  be  s u b s t i t u t e d   by  an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,   p r o -  
v i d e d   t h a t   when  A  i s   OCO  or  NHCO  t h e n   A  m u s t  

be  b o n d e d   to  a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l e ;  

(IX)  an  a l k e n y l   g r o u p   of   2  to   10  c a r -  

b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d ;  

(X)  an  a l k e n y l   g r o u p   of   2  to  10  c a r -  

b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d   a n d  

s u b s t i t u t e d   by  a  member   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f  



(a)   a r y l   of   6  o r   10  c a r b o n s ;  

(b)  a r y l   of   6  or   10  c a r b o n s   s u b -  

s t i t u t e d   by  1  to  3  m e m b e r s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   h y -  

d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  to   6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (2  to   6  c a r b o n s ) ,   c a r b o x y ,  

a c y l s u l f o n a m i d o .  ( 1   to   15  c a r b o n s )   a n d  

5 - t e t r a z o l o ;   a n d  

(c)   u r e i d o c a r b o n y l .  

R4  and   R6  a r e   e a c h   h y d r o g e n ;  

n=1 ;  a n d  

A  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

More  p a r t i c u l a r   v a l u e s   i n c l u d e :  
R1  s e l e c t e d   to   be  i s o p r o p y l ;  

R2  s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   2  to  3 

c a r b o n s ;  

( I I ) ( q )   e t h y l   s u b s t i t u t e d   by  a r a l k o x y -  

c a r b o n y l   w h e r e i n   t h e   a r a l k o x y   g r o u p   c o n t a i n s  

7  c a r b o n s ;  

(w)  b u t y l   s u b s t i t u t e d   by  an  a r y l -  

s u l f o n a m i d o   w h e r e i n   t h e   a r y l   p o r t i o n   h a s   6 

c a r b o n s ;  



(x)  e t h y l   s u b s t i t u t e d   by  a c y l s u l -  

f o n a m i d o   c o n t a i n i n g   7  c a r b o n s   ( e . g . ,   2 -  

( p h e n y l s u l f o n y l a m i n o c a r b o n y l ) e t h y l ) ;  

(z)   b u t y l   s u b s t i t u t e d   by  a r a l k y l -  

o x y c a r b o n y l a m i n o   w h e r e i n   t h e   a r a l k o x y   p o r -  
t i o n   c o n t a i n s   7  c a r b o n s ,   ( e . g . ,   b e n z y l o x y -  

c a r b o n y l a m i n o ) ;  

( c c )   m e t h y l   s u b s t i t u t e d   by  an  a r y l  

c o n t a i n i n g   6  c a r b o n s ;   a n d  

( I I I )   a r y l   c o n t a i n i n g   6  c a r b o n s .  

R3  s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   b r a n c h e d   a l k y l   c o n t a i n i n g   4  c a r -  

b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   5  c a r -  

b o n s   and  2  o x y g e n s ;  
( I I I ) ( k )   e t h y l   s u b s t i t u t e d   by  a r y l c a r -  

b o n y l a m i n o   w h e r e i n   t h e   a r y l   p o r t i o n   c o n t a i n s  

6  c a r b o n s ;  

(1)  e t h y l   s u b s t i t u t e d   by  an  a r a l k -  

y l c a r b o n y l a m i n o   w h e r e i n   t h e   a r a l k y l   p o r t i o n  

c o n t a i n s   13  c a r b o n s ;  

(n)  e t h y l   s u b s t i t u t e d   by  a r a l k y l -  

a m i n o c a r b o n y l   w h e r e i n   t h e   a l k y l   c o n t a i n s   7 

c a r b o n s ;  

(o)  an  a l k y l   g r o u p   c o n t a i n i n g   2  o r  

10  c a r b o n s   and  s u b s t i t u t e d   by  c a r b o x y ;  

(w)  an  a l k y l   g r o u p   c o n t a i n i n g   5 

c a r b o n s   and   s u b s t i t u t e d   by  a r y l s u l f o n a m i d o  

w h e r e i n   t h e   a r y l   p o r t i o n   c o n t a i n s   6  c a r b o n s ;  



(x)  e t h y l   s u b s t i t u t e d   by  an  a c y l -  

s u l f o n a m i d o   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t -  

i n g   of   2 - ( m e t h y l s u l f o n y l a m i n o c a r b o n y l ) e t h y l ,  

2 - ( p h e n y l s u l f o n y l a m i n o c a r b o n y l ) e t h y l ,   2 - [ ( 1 -  

a d a m a n t y l ) s u l f o n y l a m i n o c a r b o n y l ] e t h y l ,   a n d  

2 - [ ( 1 - n a p h t h y l ) s u l f o n y l a m i n o c a r b o n y l ] e t h y l ;  

(y)  an  a l k y l   g r o u p   c o n t a i n i n g   2  o r  

10  c a r b o n s   and   s u b s t i t u t e d   by  m e t h o x y c a r -  

b o n y l ;  

(z )   an  a l k y l   g r o u p   c o n t a i n i n g   2  t o  

5  c a r b o n s   and   s u b s t i t u t e d   by  a r a l k o x y c a r b o n -  

y l   w h e r e i n   t h e   a r a l k o x y   p o r t i o n   c o n t a i n s   7 

c a r b o n s ;  

( a a )   an  a l k y l   c o n t a i n i n g  5   c a r b o n s  

and  s u b s t i t u t e d   by  a r y l o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a r y l o x y   p o r t i o n   c o n t a i n s   6  c a r -  

b o n s ;  

(bb )   e t h y l   s u b s t i t u t e d   by  a l k o x y -  

c a r b o n y l a m i n o   w h e r e i n   t h e   a l k y l   g r o u p   c o n -  

t a i n s  4   c a r b o n s ;   and  an  a l k y l   c o n t a i n i n g   5 

c a r b o n s   and   s u b s t i t u t e d   by  an  a l k y l o x y c a r -  

b o n y l a m i n o   w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s  

2  c a r b o n s   and   i s   s u b s t i t u t e d   on  t h e   t e r m i n a l  

c a r b o n   v i a   a  d i r e c t   l i n k  t o   a  c a r b o n   a t o m   o f  

an  a r o m a t i c   h e t e r o c y c l e   c o n t a i n i n g   5  c a r b o n s  

and  1  n i t r o g e n ;  

( b b ) - ( 3 )   a  p r o p y l   g r o u p   s u b s t i t u t e d  

by  an  a r y l o x y a l k y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s   and   t h e   a l k y l  

g r o u p   i s   m e t h y l ;  



( c c )   m e t h y l   or   b u t y l   s u b s t i t u t e d   b y  

a r y l   c o n t a i n i n g   6  c a r b o n s ;   and  a  b r a n c h e d  

a l k y l   g r o u p   c o n t a i n i n g   5  c a r b o n s   and   s u b s t i -  

t u t e d   by  2  a r y l   g r o u p s   e a c h   c o n t a i n i n g   6 

c a r b o n s ;  

(dd)   a  m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   an  a l k y l   c o n t a i n i n g   1 

or   2  c a r b o n s   and  s u b s t i t u t e d   w i t h   an  a r y l  

c o n t a i n i n g   6  c a r b o n s   w h e r e i n   t h e   a r y l   i s  

f u r t h e r   s u b s t i t u t e d   by  c a r b o x y ;   m e t h y l   s u b -  

s t i t u t e d   by  an  a r y l   c o n t a i n i n g   6  c a r b o n s  

w h e r e i n   t h e   a r y l   i s   f u r t h e r   s u b s t i t u t e d   b y  

m e t h o x y c a r b o n y l ;   e t h y l   s u b s t i t u t e d   by  a n  

a r y l   c o n t a i n i n g   6  c a r b o n s   w h e r e i n   t h e   a r y l  

i s   f u r t h e r   s u b s t i t u t e d   by  e t h o x y c a r b o n y l ;  

and  e t h y l   s u b s t i t u t e d   by  an  a r y l   c o n t a i n i n g  

6  c a r b o n s   w h e r e i n   t h e   a r y l   i s   f u r t h e r   s u b -  

s t i t u t e d   by  an  a c y l s u l f o n a m i d o   c o n t a i n i n g   7 

c a r b o n s ;  

( e e )   e t h y l   s u b s t i t u t e d   by  a  c y c l o -  

a l k y l   c o n t a i n i n g   10  c a r b o n s ,   ( e . g . ,   1 - a d a -  

m a n t y l e t h y l ) ;  

( f f )   e t h y l   s u b s t i t u t e d   by  an  a l i -  

p h a t i c   h e t e r o c y c l e   c o n t a i n i n g   4  c a r b o n s ,   1 

n i t r o g e n   and   1  o x y g e n   ( e . g . ,   2 - ( 4 - m o r p h o -  

l i n y l ) e t h y l ) ;  

(gg)   an  a l k y l   c o n t a i n i n g   1  to  2 

c a r b o n s   and  s u b s t i t u t e d   by  an  a r o m a t i c  

h e t e r o c y c l e   c o n t a i n i n g   4  c a r b o n s   and   1  s u l -  

f u r   ( e . g . ,   ( 2 - t h i o p h e n y l ) m e t h y l   or   2 - ( 3 -  

t h i o p h e n y l ) e t h y l ) ;   and  e t h y l   s u b s t i t u t e d   b y  



an  a r o m a t i c   h e t e r o c y c l e   c o n t a i n i n g   5  c a r b o n s  

and   1  n i t r o g e n ;  

( j j ) - ( l )   an  a l k y l   g r o u p   c o n t a i n i n g  

5  c a r b o n s   and   s u b s t i t u t e d   by  an  a r y l u r e i d o  

w h e r e i n   t h e   a r y l   p o r t i o n   c o n t a i n s   6  c a r b o n s  

.  a n d  w h e r e i n   t h e   a r y l   p o r t i o n   i s   f u r t h e r   s u b -  

s t i t u t e d   by  e t h o x y c a r b o n y l   or   c a r b o x y ;  

( z z )   p r o p y l   s u b s t i t u t e d   by  a r y l o x y  

w h e r e i n   t h e   a r y l   c o n t a i n s   6  c a r b o n s ;   a  

b r a n c h e d   a l k y l   g r o u p   c o n t a i n i n g   5  c a r b o n s  

and   s u b s t i t u t e d   by  2  a r y l o x y   g r o u p s   e a c h  

c o n t a i n i n g   6  c a r b o n s ;  

( z z z )   m e t h y l   or   p r o p y l   s u b s t i t u t e d  

by  an  a r y l o x y   c o n t a i n i n g   6  c a r b o n s   w h e r e i n  

t h e   a r y l o x y   i s   f u r t h e r   s u b s t i t u t e d   by  a m i n o -  

c a r b o n y l ;   and   m e t h y l   s u b s t i t u t e d   by  an  a r y l -  

oxy  c o n t a i n i n g   6  c a r b o n s   w h e r e i n   t h e   a r y l o x y  

i s   f u r t h e r   s u b s t i t u t e d   by  e t h o x y c a r b o n y l ;  

( IV)  an  a r y l   g r o u p   c o n t a i n i n g   6  o r   1 0  

c a r b o n s ,   e . g . ,   p h e n y l   or   n a p h t h y l ;  

(V)  an  a r y l   g r o u p   c o n t a i n i n g  6   c a r b o n s  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f   f l u o r o ,   h y d r o x y ,   c a r -  

b o x y ,   m e t h o x y ,   e t h o x y ,   m e t h o x y c a r b o n y l ,  

e t h o x y c a r b o n y l ,   m e t h y l c a r b o n y l a m i n o ,   a n  

a c y l s u l f o n a m i d o   c o n t a i n i n g   2  c a r b o n s ,   ( e . g . ,  

4 - ( m e t h y l s u l f o n a m i n o c a r b o n y l ) p h e n y l ) ,   an  a c y l -  

s u l f o n a m i d o   c o n t a i n i n g   7  c a r b o n s   ( e . g . ,   4 -  

( p h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l ,   4 - [ ( 4 -  

c h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n y l ,   o r  

[ ( 4 - b r o m o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n -  



y l ) ,   an  a c y l s u l f o n a m i d o   c o n t a i n i n g   11  

c a r b o n s   ( e . g . ,   4 ( 1 - n a p h t h y l s u l f o n y l a m i n o c a r -  

b o n y l p h e n y l ) ,   an  a c y l s u l f o n a m i d o   c o n t a i n i n g  

14  c a r b o n s   ( e . g . ,   4 - ( 4 - b r o m o p h e n y l s u l f o n y l -  

a m i n o ( b e n z y l ) c a r b o n y l ) p h e n y l ) ;   an  a r y l   g r o u p  

c o n t a i n i n g   6  c a r b o n s   and  s u b s t i t u t e d   by  2 

c h l o r o s ;   and   an  a r y l   g r o u p   c o n t a i n i n g   6  c a r -  

b o n s   and  s u b s t i t u t e d   by  one  c h l o r o   and   o n e  

a m i n o ;  

(VI)   a  c y c l o a l k y l   c o n t a i n i n g   10  c a r b o n s  

( e . g . ,   I - a d a m a n t y l ) ;  

( V I ) - ( l )   a  c y c l o a l k y l   c o n t a i n i n g   5  c a r -  

b o n s   and   s u b s t i t u t e d   by  c a r b o x y   or   e t h o x y -  

c a r b o n y l ;   a n d  

(X)  an  a l k e n y l   g r o u p   c o n t a i n i n g   2  c a r -  

b o n s   and  s u b s t i t u t e d   by  a  member   s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   c a r b o x y ,   c a r -  

b o x y p h e n y l   ( e . g . ,   E - 4 - c a r b o x y p h e n y l ) ,   e t h -  

o x y c a r b o n y l ,   u r e i d o c a r b o n y l   ( e . g . ,   Z - ( 3 -  

a m i n o c a r b o n y l a m i n o - 3 - o x o - l - p r o p e n y l ) ,  

a c y l s u l f o n a m i d o   ( e . g . ,   4 - [ ( 4 - c h l o r o p h e n y l ) -  

s u l f o n y l a m i n o c a r b o n y l ] p h e n y l ) ,   and  4 - c a r -  

b o x y p h e n y l   ( e . g . ,   E - 2 - ( 4 - c a r b o x y p h e n y l ) -  

e t h e n y l .  

R4  s e l e c t e d   as  h y d r o g e n ;  



R5  s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   n - b u t y l ;  

( I I ) ( q )   e t h y l   s u b s t i t u t e d   by  a r a l k o x y -  

c a r b o n y l   w h e r e i n   t h e   a r a l k o x y   c o n t a i n s   7 

c a r b o n s ;   a n d  

( I I ) ( z )   b u t y l   s u b s t i t u t e d   by  a r a l k y l -  

o x y c a r b o n y l a m i n o   w h e r e i n   t h e   a r a l k y l   g r o u p  
c o n t a i n s   7  c a r b o n s ;  

A  i s   as  d e f i n e d   a b o v e ;   a n d  

n  = 1 .  

The  f o l l o w i n g   p r o v i s o s   a p p l y   to  t h e  

c o m p o u n d s   o f   t h i s   i n v e n t i o n :  

(1)  a l k y l s   may  be  s t r a i g h t   o r   b r a n c h e d  

c h a i n ;  

(2)   no  c a r b o n   o f   an  a l k y l   may  be  d i r e c t l y  

. b o n d e d   to  two  h e t e r o a t o m s ;  

(3)  no  h e t e r o a t o m   may  be  d i r e c t l y   b o n d e d   t o  

a  s u l f u r ,   n i t r o g e n   or   o x y g e n ;   a n d  

(4)  a l k e n y l s   of   IX  and   X  f o r   R3  may  n o t   b e  

1 , 1 - d i s u b s t i t u t e d ,   and   a  c a r b o n   of   a  d o u b l e   b o n d   m a y  

n o t   be  d i r e c t l y   b o n d e d   to   an  o x y g e n   or   n i t r o g e n .  

The  s a l t s   o f   t h e   c o m p o u n d s   of   f o r m u l a e   I a ,  

Ib  and   Ic   i n c l u d e   p h a r m a c e u t i c a l l y - a c c e p t a b l e   b a s e -   o r  

a c i d - a d d i t i o n   s a l t s   s u c h   as  t h o s e   made  w i t h   a  m i n e r a l  

a c i d ,   e . g . ,   h y d r o c h l o r i c ,   or   an  o r g a n i c   a c i d   s u c h   a s  

c i t r i c ,   m a l e i c ,   f u m a r i c   or   a c e t i c .   B a s e - a d d i t i o n   s a l t s   i n -  

c l u d e   t h o s e   made  w i t h   a l k a l i   m e t a l   h y d r o x i d e s   s u c h   a s  

s o d i u m   h y d r o x i d e ,   a l k a l i   m e t a l   c a r b o n a t e s   and   b i c a r -  

b o n a t e s ,   a l k a l i n e   e a r t h   h y d r o x i d e s   and   o r g a n i c   a m i n e  

s a l t s .   Such   s a l t s   may  be  p r e p a r e d   by  d i s s o l v i n g   t h e  

p e p t i d e   d e r i v a t i v e   in   a  m i x t u r e   of   w a t e r   and  a  w a t e r -  

m i s c i b l e   o r g a n i c   s o l v e n t ,   a d d i n g   an  a q u e o u s   s o l u t i o n  



of  t h e   b a s e   and   r e c o v e r i n g   t h e   s a l t   f r o m   t h e   a q u e o u s  

s o l u t i o n .  

The  p r e f e r r e d   c o m p o u n d s   of  t h e   p r e s e n t   i n -  

v e n t i o n   a r e   of   t h e   S  c o n f i g u r a t i o n   ( i . e . ,   t h a t   of   t h e  

n a t u r a l l y   o c c u r r i n g   L - a m i n o   a c i d s )   a t   c h i r a l   c e n t e r s  

i d e n t i f i e d   by  *  in   f o r m u l a e   I I a ,   I I b ,   and   I I c   b e l o w .  

The  m e t h o d s   of   s y n t h e s i s   d e s c r i b e d   b e l o w   in  M e t h o d s   A 

and   B  p r o v i d e   a  d i a s t e r e o m e r i c   m i x t u r e   as   a  r e s u l t   o f  

t h e   p r e s e n c e   of  t h e   p r o d u c t s   w i t h   b o t h   t h e   R  and  t h e   S 

c o n f i g u r a t i o n s   a t   t h e   c h i r a l   c e n t e r   i d e n t i f i e d   by  t h e  

s y m b o l   A.  The  m e t h o d s   of   s e p a r a t i o n   and   s y n t h e s i s  

d e s c r i b e d   b e l o w   in   M e t h o d s   C  and  D  p r o v i d e   c o m p o u n d s  

w h i c h   a r e   s u b s t a n t i a l l y   e n a n t i o m e r i c a l l y   and  d i . a s t e r -  

e o m e r i c a l l y   p u r e .   The  p r e f e r r e d   c o m p o u n d s   a r e   t h o s e  

a s s i g n e d   t h e   S  c o n f i g u r a t i o n   a t   t h e   c e n t e r   i d e n t i f i e d  

by  t h e   s y m b o l   A. 



As  w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   i n  

t h e   a r t ,   t h e   a c t i v i t y   of   t h e   i n d i v i d u a l   i s o m e r s   i s   n o t  

t h e   same  a n d ,   i t   i s   t h e r e f o r e   p r e f e r r e d   to   u t i l i z e   t h e  

more   a c t i v e   i s o m e r .   The  p r e s e n t   i n v e n t i o n   i n c l u d e s  

b o t h   t h e   d i a s t e r e o m e r i c   m i x t u r e   and   t h e   a c t i v e   S  a n d   R 

i s o m e r s .  

As  w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   i n  

t h e   a r t ,   t h e   t r i f l u o r o m e t h y l   k e t o n e s   can   e x i s t   as  s o l -  

v a t e s ,   p a r t i c u l a r l y   h y d r a t e s ,   r e p r e s e n t e d   by  f o r m u l a e  

I I I a ,   I I I b   and   I I I c ,   and   t h e s e   a r e   e n c o m p a s s e d   by  t h e  

p r e s e n t   i n v e n t i o n .  



I t   i s   p r e f e r r e d   to  p r e p a r e   t h e   p e p t i d e  

d e r i v a t i v e s   of   t h e   p r e s e n t   i n v e n t i o n   f r o m   c o m m e r c i a l l y  

a v a i l a b l e   a l p h a   a m i n o   a c i d s   ( i . e . ,   t h o s e   in   w h i c h   t h e  

NH2  g r o u p   i s   a t t a c h e d   to  t h e   c a r b o n   a t o m   n e x t   to  t h e  

-COOH  g r o u p ) .   B e c a u s e   of   t h i s   t h e   p r e f e r r e d   R 2  a n d  
R5  s u b s t i t u t e n t s   in   t h e   a b o v e   f o r m u l a e   f o r   t r i -   a n d  

t e t r a p e p t i d e   d e r i v a t i v e s   a r e   t h o s e   o b t a i n e d   f r o m   o n e  

of  t h e   f o l l o w i n g   a m i n o   a c i d s :   a l a n i n e ,   v a l i n e ,   n o r v a -  

l i n e ,   l e u c i n e ,   i s o l e u c i n e ,   n o r l e u c i n e ,   p h e n y l a l a n i n e ,  

t r y p t o p h a n ,   t y r o s i n e ,   a s p a r a g i n e ,   g l u t a m i n e ,   a s p a r t i c  

a c i d ,   g l u t a m i c   a c i d ,   l y s i n e ,   t h r e o n i n e ,   s e r i n e ,   a -  

a m i n o b u t y r i c   a c i d ,   and  p h e n y l g l y c i n e .  



P r e f e r r e d   g r o u p s   of   c o m p o u n d s   i n c l u d e   t h o s e  

l i s t e d   a s  t h e   m a i n   t i t l e   f o r   e a c h   of   E x a m p l e s   6,  1 1 ,  

1 5 - 1 8 ,   2 0 - 2 8 ,   5 1 - 5 6 ,   58 ,   59 ,   62 ,   63 ,   65,   68 ,   71,   7 2 ,  

74,   7 5 ,  7 7 - 7 9 ,   82 ,   8 4 - 9 1 ,   9 3 - 1 1 1 ,   114 ,   115 ,   117 ,   1 1 9  

and  1 2 1 - 1 2 6 .   Of  t h e s e   t h e   o n e s   f o r   E x a m p l e s   16,   2 4 ,  

27,   52 ,   58,   71,   74 ,   7 7 - 7 9 ,   85 ,   89 ,   9 3 - 9 6 ,   98,   1 0 0 ,  

1 0 4 - 1 0 7 ,   110 ,   1 1 4 ,   1 1 5 ,   119  and   1 2 3 - 1 2 5   a r e   m o r e   p r e -  
f e r r e d   and  t h o s e   of   E x a m p l e s   77 ,   95,   1 0 4 ,   114  and   1 1 5  

a r e   t h e   m o s t   p r e f e r r e d .  

A c c o r d i n g   t o  a   f u r t h e r   f e a t u r e   of   t h e   i n v e n -  

t i o n   t h e r e   a r e   p r o v i d e d  p h a r m a c e u t i c a l   c o m p o s i t i o n s  

c o m p r i s i n g   a  p h a r m a c e u t i c a l l y - e f f e c t i v e   a m o u n t   of   a t  

l e a s t   one   p e p t i d e   d e r i v a t i v e   o f   f o r m u l a e   I a ,   Ib  o r   I c  

and  a  p h a r m a c e u t i c a l l y - a c c e p t a b l e   d i l u e n t   or   c a r r i e r .  

The  c o m p o u n d s   o f   f o r m u l a e   I a ,   Ib  and   Ic   c a n  

be  p r e p a r e d   as  f o l l o w s :  

M e t h o d   A 

S t a g e   1  i s  t h e   p r e p a r a t i o n   of   t h e   a m i n o -  

a l c o h o l   V 

( c o n v e n i e n t l y   i s o l a t e d   as  t h e   h y d r o c h l o r i d e   s a l t ) .  

H e n r y   c o n d e n s a t i o n   (McBee ,   E.  T . ,   e t   a l ,   J .   A m e r .  

Chem.  S o c . ,   7 8 : 4 0 5 3   ( 1 9 5 6 ) )   of   an  a p p r o p r i a t e   n i t r o -  



a l k a n e   of   f o r m u l a   RlCH2NO2  ( p r e p a r e d   by  s t a n d a r d  

m e t h o d s   i f   n o t   o t h e r w i s e   a v a i l a b l e )   w i t h   t r i f l u o r o -  

a c e t a l d e h y d e   e t h y l   h e m i a c e t a l   o f   f o r m u l a  

[ C F 3 C H ( O H ) O C H 2 C H 3 ]   p r o v i d e s   a  n i t r o a l c o h o l   o f   f o r m u l a  

V I :  

w h i c h   i s   o b t a i n e d   as  a  m i x t u r e   o f   two  r a c e m i c   d i a s t e r -  

e o m e r s   ( [ 2 ( R S ) , 3 ( R S ) ]   and   [ 2 ( R S ) , 3 ( S R ) ] ) .   ( F o r   e x a m p l e ,  

s e e  E x a m p l e   l b . )   R e d u c t i o n   o f   t h e   n i t r o   g r o u p   i n  

c o m p o u n d   VI  w i t h   an  a p p r o p r i a t e   r e d u c i n g   a g e n t   a f f o r d s  

c o m p o u n d   V  as  a  m i x t u r e   of   two  r a c e m i c   d i a s t e r e o m e r s  

( [ 2 ( R S ) , 3 ( R S ) ]   and   [ 2 ( R S ) , 3 ( S R ) ] ) .   ( F o r   e x a m p l e ,   s e e  

E x a m p l e   l c . )   T h i s   a m i n e   s a l t   i s   u s e d   d i r e c t l y   f o r  

f u r t h e r   s y n t h e s i s .  

S t a g e  2   i s   t h e   c o n v e r s i o n   of   c o m p o u n d   V  i n t o  

key   i n t e r m e d i a t e s   o f   f o r m u l a e   I V a ,   and   IVb  and   I V c  



u s i n g   m e t h o d s   c o m m o n l y   known  to   t h o s e   s k i l l e d   i n   t h e  

a r t ,   s u c h   as  t h o s e   d e s c r i b e d   i n   M.  B o d a n s z k y ,   P r i n c i -  

p l e s   o f  P e p t i d e   S y n t h e s i s ,   S p r i n g e r - V e r l a g ,   B e r l i n ,  

( 1 9 8 4 ) ,   and   The  P e p t i d e s .   A n a l y s i s ,   S y n t h e s i s   a n d  

B i o l o g y   ( e d .   E.  G r o s s   of   J .   M e i e n h o f e r ) ,   V o l s .   1 - 5 ,  

( A c a d e m i c   P r e s s ,   New  Y o r k )   1 9 7 9 - 1 9 8 3 .   Use  of   a p p r o -  

p r i a t e l y   N - p r o t e c t e d   c y c l i c   a m i n o   a c i d s   ( s u c h   as  C B Z -  

p r o l i n e ) ,   f o l l o w e d   by  p e p t i d e   c o u p l i n g   p r o c e d u r e s   a n d  

a p p r o p r i a t e   a m i n o   d e p r o t e c t i o n   a f f o r d s   c o m p o u n d s   o f  

f o r m u l a   IVa .   S i m i l a r   c o u p l i n g   w i t h   a p p r o p r i a t e   N -  

p r o t e c t e d   d i p e p t i d e   a c i d s   and   t r i p e p t i d e   a c i d s   a n d  

d e p r o t e c t i o n   a f f o r d s   c o m p o u n d s   of   f o r m u l a e   IVb  a n d  

IVc ,   r e s p e c t i v e l y .   In  a d d i t i o n ,   c o m p o u n d s   of   f o r m u l a  



IVa  can   be  c o n v e r t e d   i n t o   c o m p o u n d s   of   IVb  or   IVc  b y  

u t i l i z i n g   t h e   same  p e p t i d e   m e t h o d o l o g y .   The  p r o d u c t s  

o b t a i n e d   as  h e r e   d e s c r i b e d  a r e   m i x t u r e s   ( [ 2 ( R S ) ,  

3 ( R S ) ]   and  [ 2 ( R S ) , 3 ( S R ) ] )   u n l e s s   a  s e p a r a t i o n   i s   c a r r i e d  

o u t .  

S t a g e   3  i s   t h e   c o n v e r s i o n   of   i n t e r m e d i a t e s  

of   c o m p o u n d s   IVa ,   IVb ,   or   IVc  i n t o   i n t e r m e d i a t e s   V I I a ,  

V I I b ,   V I I c :  



by  t h e i r   r e a c t i o n   w i t h   a p p r o p r i a t e   r e a g e n t s   f o r   t h e  

f o r m a t i o n   o f   a m i d e s ,   u r e a s ,   u r e t h a n e s ,   and   s u l f o n -  

a m i d e s   i n c l u d i n g   a c i d   c h l o r i d e s ,   a n h y d r i d e s ,   m i x e d  

a n h y d r i d e s ,   i s o c y a n a t e s ,   c a r b o n a t e s   s u c h   as  4 - n i t r o -  

p h e n y l   c a r b o n a t e s   ( p r e p a r e d   as   d e s c r i b e d   in   K u n z ,   H .  

e t   a l . ,  A n g e w .   Chem.  I n t .   Ed.  ( E n g ) ,   22,   7 8 3 - 7 8 4  

( 1 9 8 3 ) ) ,   c h l o r o f o r m a t e s ,   s u l f o n y l   c h l o r i d e s ,   and   s u l -  

f i n y l   c h l o r i d e s ,   f o l l o w e d   by  o x i d a t i o n   by  m e t h o d s   w e l l  

known  in   t h e   l i t e r a t u r e .   The  p r o d u c t s   o b t a i n e d   a s  

h e r e   d e s c r i b e d   a r e   m i x t u r e s   ( [ 2 ( R S ) , 3 ( S R ) ]   a n d  

[ 2 ( R S ) , 3 ( R S ) ] )   u n l e s s   a  s e p a r a t i o n   i s   c a r r i e d   o u t .  

As  w i l l   be  c l e a r   to   o n e  s k i l l e d   in   t h e   a r t ,  

t h e   o r d e r   of   s t e p s   i n   S t a g e   2  and   3  may  be  a l t e r e d   i f  

a p p r o p r i a t e   c o n s i d e r a t i o n s   r e l a t i v e   to   c o u p l i n g  

m e t h o d s ,   r a c e m i z a t i o n ,   d e p r o t e c t i o n   m e t h o d s ,   e t c .   a r e  

f o l l o w e d .   T h u s ,   u n d e r   a p p r o p r i a t e   c o n d i t i o n s   i n t e r -  

m e d i a t e s   of   f o r m u l a   V I I a   may  a l s o   be  p r e p a r e d   d i r e c t l y  

f r o m   c o m p o u n d s   of   f o r m u l a   V;  i n t e r m e d i a t e s   of   f o r m u l a  

V I I b   may  a l s o   be  p r e p a r e d   d i r e c t l y   f r o m   c o m p o u n d s   of   V 



or   IVa;   and  i n t e r m e d i a t e s   of   f o r m u l a   V I l e   may  a l s o   b e  

p r e p a r e d   d i r e c t l y   f r o m   c o m p o u n d s   of   V,  I V a ,   or   I V b .  

S t a g e   4  i s   t h e   o x i d a t i o n   of   i n t e r m e d i a t e s  

of  f o r m u l a e   V I I a ,   V I I b   or   V I I c   to  p r o v i d e   p r o d u c t s   I a ,  

Ib  o r   I c ,   r e s p e c t i v e l y .   M e t h o d s   w h i c h   a r e   u s e f u l   i n -  

c l u d e   t h e   u s e   of   o x a l y l c h l o r i d e ,   DMSO  and   a  t e r t i a r y  

a m i n e   ( s e e   M a r x ,   M.  e t   a l . ,   J .   Org .   C h e m . ,   49 ,   7 8 8 - 7 9 3  

( 1 9 8 4 )   w i t h   t h e   b e s t   r e s u l t s   b e i n g   o b t a i n e d   w i t h   1 0 - 2 0  

e q u i v a l e n t s   of   o x i d i z i n g   a g e n t ) ,   t h e   u s e   of   a c e t i c  

a n h y d r i d e   and  DMSO,  t h e   u s e   of   c h r o m i u m   t r i o x i d e  

p y r i d i n e   c o m p l e x   in   m e t h y l e n e   c h l o r i d e ,   and  t h e   u s e  

of   D e s s - M a r t i n   p e r i o d i n a n e   [ 1 , 1 , 1 - t r i a c e t o x y - 2 , 1 -  

b e n z o x i o d o l - 3 ( 3 H ) - o n e ]   ( m e t h o d   of  D e s s ,   D.  B.  e t   a l ,  

J .   Org .   C h e m . ,   48,   4 1 5 5 - 5 6   ( 1 9 8 3 ) ) .   The  p r e f e r r e d  

m e t h o d   i s   t h e   u s e   of   D e s s - M a r t i n   p e r i o d i n a n e .   U n l e s s  

t h e y   h a v e   b e e n   s e p a r a t e d ,   t h e   p r o d u c t s   I a ,   Ib  and   I c  

o b t a i n e d   by  t h i s   m e t h o d   w i l l   c o n t a i n   a  m i x t u r e   [ 3 ( R S ) ]  

w h i c h   w i l l   c o n s i s t   s u b s t a n t i a l l y   of   two  d i a s t e r e o m e r s  

i f   t h e   c e n t e r s   c o r r e s p o n d i n g   to  t h o s e   i n d i c a t e d   w i t h  

an  *  in   f o r m u l a e   I I a ,   I I b ,   and  I I c ,   r e s p e c t i v e l y ,   a r e  

s u b s t a n t i a l l y   e n a n t i o m e r i c a l l y   p u r e .  

S t a g e   5  i s   t h e   c o n v e r s i o n   of   p r o d u c t s   o f  

f o r m u l a e   I a ,   Ib  or   Ic   i n t o   o t h e r   p r o d u c t s   of  f o r m u l a e  

I a ,   Ib  or   Ic   and   i n c l u d e s   s a p o n i f i c a t i o n ,   c o u p l i n g ,  

and  d e p r o t e c t i n g   r e a c t i o n s .   The  s t e r e o c h e m i s t r y   o f  

t h e   p r o d u c t   m i x t u r e   i s   t h e   same  as  t h a t   of   S t a g e   4 .  

M e t h o d   B  i s   a  p r e f e r r e d   m e t h o d   r e l a t i v e   to  M e t h o d   A.  

S t a g e   1  i n v o l v e s   s e p a r a t i o n   of   t h e   m i x t u r e  

o f   r a c e m i c   d i a s t e r e o m e r s   o f   f o r m u l a   VI  o b t a i n e d   as  t h e  

p r o d u c t   of   M e t h o d   A,  S t a g e   1,  by  f r a c t i o n a l   d i s t i l l a -  



t i o n   and  c r y s t a l l i z a t i o n   to  o b t a i n   n i t r o a l c o h o l   VI  a s  

a  s u b s t a n t i a l l y   p u r e   r a c e m i c   d i a s t e r e o m e r   [ 2 ( R S ) , 3 ( S R ) ]  

s u b s t a n t i a l l y   f r e e   of   t h e   o t h e r   r a c e m i c   d i a s t e r e o m e r  

[ 2 ( R S ) , 3 ( R S ) ] .   R e d u c t i o n   of   t h e  n i t r o   g r o u p   by  t h e  

p r e f e r r e d   m e t h o d   of   h y d r o g e n a t i o n   o v e r   a  10%  p a l l a d i u m  

on  c a r b o n   c a t a l y s t   p r o v i d e s   V  as  one  r a c e m i c   d i a s t e r -  

e o m e r   [ 2 ( R S ) , 3 ( S R ) ]   s u b s t a n t i a l l y   f r e e   of   t h e   o t h e r  

r a c e m i c   d i a s t e r e o m e r .   ( I t   w i l l   be  a p p r e c i a t e d   by  o n e  

s k i l l e d   in   t h e   a r t   t h a t ,   a l t e r n a t i v e l y ,   t h e   d i a s t e r e o m e r  

[ 2 ( R S ) , 3 ( R S ) ]   may  a l s o   be  u s e d   f o r   t h e   p r o d u c t i o n   o f  

c o m p o u n d s   of   t h i s   i n v e n t i o n . )  

S t a g e   2  i s   t h e   same  as  in   M e t h o d   A  b u t   u s e s  
t h e  a m i n e   V  p r e p a r e d   as  d e s c r i b e d   i n   M e t h o d   B,  S t a g e  
1.  The  p r o d u c t s   o b t a i n e d   by  t h i s   m e t h o d   a r e   s u b -  

s t a n t i a l l y   p u r e   [ 2 ( R S ) , 3 ( S R ) ]   m i x t u r e s .  

S t a g e   3  i s   t h e   same  as  in   M e t h o d   A  b u t   u s e s  
t h e   p r o d u c t   p r e p a r e d   a c c o r d i n g   to   M e t h o d   B,  S t a g e   2 .  

The  p r o d u c t s   o b t a i n e d   by  t h i s   m e t h o d   a r e   s u b s t a n t i a l l y  

p u r e   [ 2 ( R S ) , 3 ( S R ) ]   m i x t u r e s .  

As  i n   M e t h o d   A,  t h e   o r d e r   of   s t e p s   in   S t a g e  
2  and   S t a g e   3  may  be  a l t e r e d   u n d e r   a p p r o p r i a t e   c o n d i -  

t i o n s .  

S t a g e   4  i s   t h e   same  as  S t a g e   4  o f   M e t h o d   A .  

The  p r o d u c t   m i x t u r e   o b t a i n e d   i s   t h e   same  as  t h e   p r o -  
d u c t   m i x t u r e   o b t a i n e d   in   M e t h o d   A,  S t a g e   4 .  

S t a g e   5  i s   t h e   same  as  t h a t   of   M e t h o d   A ,  

S t a g e   5 .  

M e t h o d   C  i s   a  m e t h o d   f o r   d i r e c t   s y n t h e s i s   of   i n d i v i -  

d u a l   ( " r e s o l v e d " )   i s o m e r s   of   f o r m u l a e   I a ,   I b ,   and  I c  

w h i c h   a r e   s u b s t a n t i a l l y   f r e e   of   t h e   o t h e r   d i a s t e r e o -  



m e r s ,   f o r   e x a m p l e ,   f o r   p r o d u c t s   c o r r e s p o n d i n g   to  I I a ,  

I I b ,   and   I I c   in   w h i c h   t h e   c e n t e r s   c o r r e s p o n d i n g   to  *  

and   A  a r e   a l l   S .  

S t a g e   1  i n v o l v e s   r e s o l u t i o n   of   t h e   r a c e m a t e  

V  p r e p a r e d   a c c o r d i n g   to  M e t h o d   B,  S t a g e   1.  A f t e r   t h e  

f r e e   b a s e   c o r r e s p o n d i n g   to   V  i s   l i b e r a t e d ,   r e s o l u t i o n  

i s   c a r r i e d   o u t   by  f o r m a t i o n   of  t h e   d i a s t e r e o m e r i c  

s a l t s   w i t h   D - t a r t a r i c   a c i d   and  s e p a r a t i o n   of   t h o s e  

s a l t s   by  f r a c t i o n a l   c r y s t a l l i z a t i o n .   The  d e s i r e d  

a m i n e   i s   t h e n   o b t a i n e d   f r o m   t h e   s e p a r a t e d   s a l t s   b y  

f r e e i n g   t h e   b a s e   to  a f f o r d ,   f o r   e x a m p l e ,   t h e   f r e e   b a s e  

c o r r e s p o n d i n g   to  2 ( R ) 3 ( S )   in   a  c o m p o u n d   of  f o r m u l a   V .  

The  p r o d u c t   t h u s   o b t a i n e d   i s   s u b s t a n t i a l l y   e n a n t i o m e r -  

i c a l l y   and  d i a s t e r i o m e r i c a l l y   p u r e .  
S t a g e s   2  and   3  a r e   s u b s t a n t i a l l y   t h e   same  a s  

S t a g e s   2  and   3  in   M e t h o d s   A  and   B,  b u t   l i m i t e d   t o  

m e t h o d s   w h i c h   w i l l   a v o i d   r a c e m i z a t i o n   of   c e n t e r s   w h i c h  

c o r r e s p o n d   to   t h o s e   m a r k e d   *  in   f o r m u l a e   I I a ,   I I b ,   a n d  

I I c .   The  p r o d u c t s   t h u s   o b t a i n e d   a r e   e s s e n t i a l l y  

e n a n t i o m e r i c a l l y   and   d i a s t e r e o m e r i c a l l y   p u r e .  

S t a g e   4  i s   l i m i t e d   to   m e t h o d s   w h i c h   w i l l  

a v o i d   r a c e m i z a t i o n   a t   t h e   c e n t e r s   l a b e l l e d   *  and  Δ  i n  

f o r m u l a e   I I a ,   I I b   and   I I c .   The  p r e f e r r e d   m e t h o d   i s  

t h e   u s e   of   D e s s - M a r t i n   p e r i o d i n a n e .   The  p r o d u c t s   I a ,  
Ib  and   Ic  t h u s   o b t a i n e d   a r e   e s s e n t i a l l y   e n a n t i o m e r i -  

c a l l y   and  d i a s t e r e o m e r i c a l l y   p u r e .  

S t a g e   5  i s   l i m i t e d   to   m e t h o d s   w h i c h   w i l l  

a v o i d   r a c e m i z a t i o n   a t   t h e   c e n t e r s   l a b e l l e d   *  and  A  i n  

f o r m u l a e   I I a ,   I I b   and  I I c .  



M e t h o d   D 

S t a g e   1  i s   a  s e p a r a t i o n   of   c o m p o u n d s   o f  

f o r m u l a e   I a ,   Ib  or   Ic   p r e p a r e d   by  M e t h o d s   A  or   B  w h i c h  

a r e   d i a s t e r e o m e r i c   m i x t u r e s   ( o w i n g   to  t h e   3 ( R S )  

c e n t e r )   i n t o   t h e i r   s i n g l e   i s o m e r s   w h i c h   a r e   s u b s t a n -  

t i a l l y   d i a s t e r e o m e r i c a l l y   and  e n a n t i o m e r i c a l l y   p u r e .  
The  p r e f e r r e d   m e t h o d   f o r   c o m p l e t i n g   t h i s   s e p a r a t i o n   i s  

t h e   u s e   of   p r e p a r a t i v e   c h r o m a t o g r a p h y ,   e . g .   MPLC  a n d  

H P L C .  

S t a g e   2  i s   t h e   same  as  S t a g e   5,  M e t h o d   C .  

I n h i b i t i o n   M e a s u r e m e n t s :  

The  p o t e n c y   o f   c o m p o u n d s   of   t h e   i n v e n t i o n   t o  

a c t   as  e l a s t a s e   i n h i b i t o r s   was  i n i t i a l l y   d e t e r m i n e d   b y  

t h e   a b i l i t y   o f   a  c o m p o u n d   of   t h e   i n v e n t i o n   to   i n h i b i t  

t h e   a c t i o n   of   human   l e u k o c y t e   e l a s t a s e   (HLE)  on  a  l o w  

m o l e c u l a r   w e i g h t   p e p t i d e   s u b s t r a t e .   The  p o t e n c y   o f   a n  

i n h i b i t o r   i s   e v a l u a t e d   by  o b t a i n i n g   a  k i n e t i c   d e t e r m i -  

n a t i o n   of   t h e   d i s s o c i a t i o n   c o n s t a n t ,   K . ,   o f   t h e   c o m -  

p l e x  f o r m e d   f r o m  t h e   i n t e r a c t i o n   o f   t h e   i n h i b i t o r   w i t h  

HLE.  The  s u b s t r a t e   u s e d   was  t h e   a n i l i d e   m e t h o x y s u c -  

c i n y l - a l a n y l - a l a n y l - p r o l y l - v a l i n e - p - n i t r o a n i l i d e   a s  

d e s c r i b e d   by  K.  N a k a j i m a   e t   a l .   in   t h e   J .   B i o l .   C h e m . ,  

254 :   4 0 2 7 - 4 0 3 2   ( 1 9 7 9 )   a n d  b y   T.  T e s h i m a   e t   a l .   in   J .  

B i o l .   C h e m . ,   2 5 7 : N o .   9,  5 0 8 5 - 5 0 9 1   ( 1 9 8 2 ) .   The  HLE 

e n z y m e   u s e d   in   t h e s e   s t u d i e s   may  be  o b t a i n e d   f r o m  

E l a s t i n   P r o d u c t s   of   S t .   L o u i s ,   M i s s o u r i   or   can   b e  

p u r i f i e d   a c c o r d i n g   to   B.  R.  V i s c a r e l l o   e t   a l .   i n  

P r e p a r a t i v e   B i o c h e m i s t r y ,   V o l .   13,  p a g e s   5 7 - 6 7 ,   ( 1 9 8 3 )  

as  f o l l o w s ,   a l l   w o r k   h a v i n g   b e e n   done   in   a  c o l d   r o o m  

a t   4 ° C .  



S a l t   E x t r a c t i o n - D N a s e   T r e a t m e n t :   T h e  

s t a r t i n g   m a t e r i a l ,   193  g  of   p u r u l e n t   s p u t u m ,   w a s  

h o m o g e n i z e d   w i t h   200  ml  of   c o l d   d i s t i l l e d   w a t e r   a n d  

c e n t r i f u g e d   a t   3 0 , 0 0 0   x  g r a v i t y   f o r   20  m i n .   a t   4 ° C .  

The  s u p e r n a t a n t   was  d i s c a r d e d   and  t h e   p e l l e t   e x t r a c t e d  

w i t h   h i g h   s a l t   and  t r e a t e d   w i t h   DNase   as  p e r   t h e  

m e t h o d   of   D.  Y.  T w u m a s i   e t   a l .   in   J .   B i o l .   C h e m . ,   2 5 2 :  

1 9 1 7 - 1 9 2 6   ( 1 9 7 7 ) .   C h r o m a t o g r a p h y   on  E l a s t i n   A g a r o s e :  

The  p r e c i p i t a t e   f r o m   t h e   DNase   d i g e s t   was  t a k e n   up  i n  

two  40  ml  p o r t i o n s   of   50  mM  T r i s ,   1 . 0   M  N a C l ,   pH  8 ;  

t h e   s u s p e n s i o n   was  c e n t r i f u g e d   and  t h e   r e s u l t i n g  

s u p e r n a t a n t   a p p l i e d   d i r e c t l y   to  a  c o l u m n   of  s o l u b l e  

e l a s t i n - S e p h a r o s e   4B  ( 2 . 5   x  20  cm).   The  c o l u m n   w a s  

w a s h e d   w i t h   e q u i l i b r a t i n g   b u f f e r   (50  mM  T r i s ,   50  mM 

N a C l ,   p H 8 . 0 )   u n t i l   t h e   o p t i c a l   d e n s i t y   a t   280  nm 

(OD280)   of   t h e   e l u a t e   r e t u r n e d   to   b a s e l i n e .   A d d i -  

t i o n a l   c o n t a m i n a t i n g   p r o t e i n   was  e l u t e d   w i t h   t w o  

c o l u m n   v o l u m e s   of   50  mM  a c e t a t e ,   1 . 0   M  N a C l ,   pH  5 . 0 .  

E l a s t a s e   and   c a t h e p s i n   G  (HLC-G)  w e r e   f i n a l l y   e l u t e d  

w i t h   50  mM  a c e t a t e ,   1 . 0   M  N a C l ,   20%  DMSO,  pH  5 . 0 .   T h e  

c o l u m n   was  d e v e l o p e d   a t   6  m l / m i n   w i t h   t h e   c o l l e c t i o n  

of   10  ml  f r a c t i o n s .   The  a c t i v e   f r a c t i o n s   w e r e   p o o l e d ,  

d i a l y z e d   v s .   two  6  l i t e r   c h a n g e s   of   50  mM  a c e t a t e ,   0 . 1  

M  N a C l ,   pH  5 . 5 ,   and   c o n c e n t r a t e d   to  40  ml  on  a n  

Amicon®  u l t r a f i l t r a t i o n   u n i t   (YM-10  m e m b r a n e ) .   CM- 

C h r o m a t o g r a p h y :   The  c o n c e n t r a t e d   a c t i v e   f r a c t i o n   w a s  

a p p l i e d   to  a  c o l u m n   of   C M - S e p h a d e x @   C-50  ( 2 . 2   x  10  cm)  

p r e v i o u s l y   e q u i l i b r a t e d   w i t h   50  mM  a c e t a t e ,   0 . 1   M 

N a C l ,   pH  5 .5   and  t h e   c o l u m n   was  t h e n   w a s h e d   w i t h   t h i s  

b u f f e r   to  r e m o v e   c o n t a m i n a t i n g   p r o t e i n .   E l u t i o n   w a s  

c o n t i n u e d   w i t h   50  mM  a c e t a t e ,   0 . 2   M  N a C l ,   pH  5 .5   a n d  



r e s u l t e d   in   t h e   d i s p l a c e m e n t   o f   a  p e a k   of   a c t i v i t y  

a s s a y e d   a g a i n s t   B z - P h e - V a l - A r g - p N A .   HLE  was  n e x t  

e l u t e d   w i t h   t h e   a c e t a t e   b u f f e r   c o n t a i n i n g   0 . 4 5   M  N a C l ,  

w h i l e   e l u t i o n   of   HLC-G  r e q u i r e d   t h e   p r e s e n c e   o f   1 . 0   M 

NaCl   in   t h e   b u f f e r   as  d e s c r i b e d   by  R.  M a r t o d a m   e t   a l .  

i n  P r e p a r a t i v e   B i o c h e m i s t r y ,   V o l .   9,  p a g e s   1 5 - 3 1  

( 1 9 7 9 ) .   T h i s   c o l u m n   was  d e v e l o p e d   a t   30  m l / h r   w i t h  

t h e   c o l l e c t i o n   of   5 . 5   ml  f r a c t i o n s .   From  t h e   t h u s  

- p u r i f i e d   HLE,  a  s t a n d a r d   r a t e   o f   p r o d u c t i o n   of   p - n i -  

t r o a n i l i n e   was  m e a s u r e d   a t   25°C  s p e c t r o p h o t o m e t r i c a l l y  

in   t h e   v i s i b l e   s p e c t r u m   a t   410  n a n o m e t e r s   w i t h   a u t o -  

m a t i c   d a t a   a c q u i s i t i o n   f r o m   a  C a r y   210  s p e c t r o p h o t o m e -  

t e r   o b t a i n e d   f r o m   V a r i a n   A s s o c i a t e s .   R e a c t i o n s   w e r e  

i n i t i a t e d   by  i n j e c t i o n   o f   10  m i c r o l i t e r s   o f   t h e   HLE 

s o l u t i o n   i n t o   a  3  m i l l i l i t e r   c u v e t t e   c o n t a i n i n g   2 . 8 9  

m i l l i l i t e r s   of   b u f f e r   (10  m i l l i m o l a r   s o d i u m   p h o s p h a t e ,  

500  m i l l i m o l a r   N a C l ,   pH  7 . 6 ) ,   50  m i c r o l i t e r s   s u b s t r a t e  

s o l u t i o n   in   DMSO,  a n d   50  m i c r o l i t e r s   of   DMSO.  I n i -  

t i a l ,   s t e a d y - s t a t e   r e a c t i o n   v e l o c i t i e s   of   p - n i t r o a n i l -  

i n e   p r o d u c t i o n   w e r e   c a l c u l a t e d   by  a  f i t   of   t h e  

e x p e r i m e n t a l   d a t a   to  a  l i n e a r   d e p e n d e n c e   on  t i m e   b y  

l i n e a r   l e a s t   s q u a r e s .   T h i s   v e l o c i t y ,   d e t e r m i n e d   w i t h  

no  i n h i b i t o r   p r e s e n t ,   was  u s e d   as  a  s t a n d a r d   in   t h e  

c a l c u l a t i o n   o f   i n h i b i t o r   K i  v a l u e s .  
W i t h o u t   e x c e p t i o n ,   a l l   of   t h e   p e p t i d e  

d e r i v a t i v e s   of   t h e  p r e s e n t   i n v e n t i o n   w e r e   f o u n d   to  b e  

" s l o w - b i n d i n g "   i n h i b i t o r s   o f   HLE  and   t h e r e f o r e   r e -  

q u i r e d   s p e c i a l   m e t h o d s   of   a n a l y s i s   to  a c c u r a t e l y  

d e t e r m i n e   Ki  v a l u e s   f o r   t h e i r   i n h i b i t i o n   o f   HLE  ( s e e  

W i l l i a m s ,   J .   W.  and   M o r r i s o n ,   J .   F . ,   M e t h .   Enz .   6 3 ,  

437  ( 1 9 7 9 )   f o r   a  d e s c r i p t i o n   of  t h e s e   m e t h o d s . )   In  a  



t y p i c a l   e x p e r i m e n t ,   2 . 8 9   ml  of   b u f f e r   (10  m i l l i m o l a r  

s o d i u m   p h o s p h a t e ,   500  m i l l i m o l a r   s o d i u m   c h l o r i d e ,   pH  

7 . 6 ) ,   50  m i c r o l i t e r s   of   i n h i b i t o r   s o l u t i o n   in   DMSO, 

and  50  m i c r o l i t e r s   of   s u b s t r a t e   s o l u t i o n   in   DMSO  w e r e  
a d d e d   to  a  3  m i l l i l i t e r   c u v e t t e .   The  c u v e t t e   w a s  

s t o p p e r e d ,   i n v e r t e d   s e v e r a l   t i m e s   to  mix   i t s   c o n t e n t s  

and   m a i n t a i n e d   a t   ( 2 5 ° C )   in   t h e   s p e c t r o p h o t o m e t e r .  

A f t e r   a  p e r i o d   of  f i v e   m i n u t e s   to  a l l o w   t h e   r e a c t i o n  

s o l u t i o n   to  come  to  t h e r m a l   e q u i l i b r i u m ,   10  m i c r o -  

l i t e r s   o f   s t o c k   e n z y m e   s o l u t i o n   w e r e   a d d e d   to  t h e  

c u v e t t e   to  i n i t i a t e   t h e   r e a c t i o n .   D u p l i c a t e   o r  

t r i p l i c a t e   r u n s   w e r e   done   a t   z e r o   i n h i b i t o r   c o n c e n -  

t r a t i o n   and   a t   l e a s t   t h r e e   n o n - z e r o   i n h i b i t o r   c o n c e n -  

t r a t i o n s .   Ki  v a l u e s   w e r e   c a l c u l a t e d   a c c o r d i n g   t o  

m e t h o d s   o u t l i n e d   in   t h e   a b o v e   r e f e r e n c e   by  W i l l i a m s  

and   M o r r i s o n .   The  K i  v a l u e s   f o r   s e l e c t e d   c o m p o u n d s  

w e r e   l e s s   t h a n   1 0  

A n i m a l   M o d e l s  

A n i m a l   m o d e l s   of   e m p h y s e m a   i n c l u d e   i n t r a t r a -  

c h e a l   ( i . t . )   a d m i n i s t r a t i o n   of   an  e l a s t o l y t i c   p r o t e a s e  

to  c a u s e   a  s l o w l y   p r o g r e s s i v e ,   d e s t r u c t i v e   l e s i o n  o f  

t h e   l u n g .   T h e s e   l e s i o n s   a r e   n o r m a l l y   e v a l u a t e d   a  f e w  

w e e k s   t o ' a   few  m o n t h s   a f t e r   t h e   i n i t i a l   i n s u l t .  

H o w e v e r ,   t h e s e   p r o t e a s e s   a l s o   i n d u c e   a  l e s i o n   t h a t   i s  

e v i d e n t   in   t h e   f i r s t   few  h o u r s .   The  e a r l y   l e s i o n   i s  

f i r s t   h e m o r r h a g i c ,   p r o g r e s s e s   to   an  i n f l a m m a t o r y  

l e s i o n   by  t h e   end   o f   t h e   f i r s t   24  h o u r s   and   r e s o l v e s  

in   t h e   f i r s t   w e e k   p o s t   i n s u l t .   To  t a k e   a d v a n t a g e   o f  

t h i s   e a r l y   l e s i o n ,   t h e   f o l l o w i n g   m o d e l   was  u s e d .  



H a m s t e r s   a r e   f i r s t   l i g h t l y   a n e s t h e t i z e d   w i t h  

B r e v i t a l .   P h o s p h a t e   b u f f e r e d   s a l i n e   (PBS)  pH  7 . 4 ,  

e i t h e r   a l o n e   or   c o n t a i n i n g   400  µg  of   human   l e u k o c y t e  

e l a s t a s e   (HLE) ,   i s   t h e n   a d m i n i s t e r e d   d i r e c t l y   i n t o   t h e  

t r a c h e a .   T w e n t y - f o u r   h o u r s   l a t e r   t h e   a n i m a l s   a r e  

k i l l e d   and  t h e   l u n g s   r e m o v e d   and   c a r e f u l l y   t r i m m e d   o f  

e x t r a n e o u s   t i s s u e .   F o l l o w i n g   d e t e r m i n a t i o n   o f   w e t  

l u n g   w e i g h t ,   t h e   l u n g s   a r e   l a v a g e d   w i t h   PBS  and   t o t a l  

l a v a g a b l e   r e d   and  w h i t e   c e l l s   r e c o v e r e d   a r e   d e t e r -  

m i n e d .   The  v a l u e s   f o r   w e t   l u n g   w e i g h t s ,   t o t a l   l a v a g -  

a b l e   r e d   c e l l s   and   t o t a l   l a v a g a b l e   w h i t e   c e l l s   a r e  

e l e v a t e d   i n   a  d o s e - d e p e n d e n t   m a n n e r   f o l l o w i n g   a d m i n i -  

s t r a t i o n   of   HLE.  C o m p o u n d s   t h a t   a r e   e f f e c t i v e   e l a s -  

t a s e   i n h i b i t o r s   c an   p r e v e n t   o r   d i m i n i s h   t h e  s e v e r i t y  

o f   t h e   e n z y m e - i n d u c e d   l e s i o n   r e s u l t i n g   in   l o w e r   w e t  

l u n g   w e i g h t   and   r e d u c e d   v a l u e s   f o r   t o t a l   l a v a g a b l e  

c e l l s ,   b o t h   r e d   and   w h i t e ,   r e l a t i v e   to   a d m i n i s t r a t i o n  

of   HLE  a l o n e .   C o m p o u n d s   c an   be  e v a l u a t e d   by  a d m i n i -  

s t e r i n g   t h e m   e i t h e r   w i t h   o r   a t   v a r i o u s   t i m e s   p r i o r   t o  

a d m i n i s t r a t i o n   o f . H L E   to  d e t e r m i n e   t h e i r   u t i l i t y   i n  

p r e v e n t i n g   an  HLE  l e s i o n .   C o m p o u n d s   o f   t h i s   i n v e n t i o n  

p r o d u c e d   s t a t i s t i c a l l y   s i g n i f i c a n t   r e d u c t i o n s   in   w e t  

l u n g   w e i g h t   and   t o t a l   l a v a g a b l e   c e l l s   r e l a t i v e   to  HLE 

a l o n e .  

C o m p o u n d s   of   t h e   p r e s e n t   i n v e n t i o n   e x h i b i t e d  

a c t i v i t y   i n   a t   l e a s t   one   of   t h e   t e s t s   d e s c r i b e d   a b o v e  

u n d e r   I n h i b i t i o n   M e a s u r e m e n t   or   A n i m a l   M o d e l .   I t  

s h o u l d   be  n o t e d   t h a t   t h e r e   was  n o t   a l w a y s   a  d i r e c t  

c o r r e l a t i o n   b e t w e e n   t h e   a c t i v i t i e s   of   t h e   c o m p o u n d s  

m e a s u r e d   as  Ki  v a l u e s   in   t h e   I n h i b i t i o n   M e a s u r e m e n t  

t e s t   and  t h e   r e d u c e d   v a l u e s   f o r   t o t a l   l a v a g a b l e   c e l l s  



and  we t   l u n g   w e i g h t s   r e l a t i v e   to  t h e   a d m i n i s t r a t i o n   o f  

HLE  a l o n e   o b t a i n e d   in   t h e   A n i m a l   M o d e l   t e s t .   I t   i s  

t h o u g h t   t h a t   t h e   A n i m a l - M o d e l   t e s t   i s   more   p r e d i c t i v e  

of   t h e   a c t i v i t y   of   s u c h   c o m p o u n d s   in   t h e   t r e a t m e n t   o f  

e m p h y s e m a .  

P h a r m a c o k i n e t i c s :   Male   S y r i a n   h a m s t e r s   ( 8 0  

to  120g)   a r e   i n j e c t e d   i n t r a v e n o u s l y   w i t h   t h e   t e s t  

c o m p o u n d .   P r i o r   to  i n j e c t i o n   and  a t   v a r y i n g   t i m e  

p e r i o d s   t h e r e a f t e r ,   t h e y   a r e   l i g h t l y   a n e s t h e t i z e d   w i t h  

e t h e r   and  b l o o d   s a m p l e s   of   a p p r o x i m a t e l y   0 . 2   ml  e a c h  

a r e   w i t h d r a w n   by  c a r d i a c   p u n c t u r e .   The  b l o o d   i s  

e x p r e s s e d   i n t o   2  ml  c e n t r i f u g e   t u b e s   and  a l l o w e d   t o  

c l o t   f o r   one   h o u r .   The  s a m p l e   i s   t h e n   c e n t r i f u g e d   a n d  

t h e   s e r u m   r e m o v e d .  

Drug   l e v e l s   a r e   d e t e r m i n e d   by  f i r s t   i n a c t i -  

v a t i n g   e n d o g e n o u s   e l a s t a s e   i n h i b i t o r s   by  i n c u b a t i o n   o f  

50  m i c r o l i t e r s   o f   s e r u m   w i t h   an  e q u a l   v o l u m e   of   b u f f e r  

c o n t a i n i n g   5  m g / m l   b o v i n e   p a n c r e a t i c   t r y p s i n   f o r   5 

m i n .   The  t r y p s i n   i n a c t i v a t e d   s e r u m   (10  m i c r o l i t e r s )  

i s   t h e n   a d d e d   to  a  0 . 5 2   ml  c u v e t t e   c o n t a i n i n g   b u f f e r  

made  20  nM  w i t h   r e s p e c t   to  HLE.  A f t e r   an  a d d i t i o n a l  

30  m i n .   i n c u b a t i o n ,   t h e   r e a c t i o n   i s   s t a r t e d   by  t h e  

a d d i t i o n   of  s u b s t r a t e   (350  m i c r o l i t e r s )   ( M e O S u c - A l a -  

A l a - P r o - V a l - p N A ,   1 .6   mm)  and   t h e   r e a c t i o n   m o n i t o r e d  

s p e c t r o p h o t o m e t r i c a l l y   a t   a  w a v e l e n g t h   of  410  nM.  F o r  

c o m p a r a t i v e   p u r p o s e s ,   s e r u m   p e r s i s t e n c e   of  t h e   t e s t  

c o m p o u n d s   a r e   d e t e r m i n e d   in   t h e   f o l l o w i n g   m a n n e r :  

P e r c e n t   i n h i b i t i o n   of   s e r u m   s a m p l e s   w e r e  

c a l c u l a t e d   as  f o l l o w s :  

p e r c e n t   i n h i b i t i o n   =  V o  -   Vi  x  1 0 0  
Vo 



w h e r e   Vo  i s   t h e   v e l o c i t y   o b t a i n e d   in   t h e   p r e s e n c e   o f  

c o n t r o l   s e r u m   and  Vi  i s   t h e   v e l o c i t y   o f   t h e   i n h i b i t e d  

r e a c t i o n . .   D a t a   a r e   e x p r e s s e d   as  l o g   p e r c e n t   i n h i b i -  

t i o n   v s .   t i m e   p o s t   i n h i b i t o r   a d m i n i s t r a t i o n .   An 

a p p r o x i m a t e   s e r u m   h a l f - l i f e   ( t k )   i s   c a l c u l a t e d   f r o m  

t h e   r e s u l t a n t   c u r v e .  

The  c o m p o u n d s   of   t h e   p r e s e n t   i n v e n t i o n   m a y  
be  a d m i n i s t e r e d   to  a  w a r m - b l o o d e d   a n i m a l   in   n e e d  

t h e r e o f ,   p a r t i c u l a r l y   a  h u m a n ,   f o r   t h e   t r e a t m e n t   o f  

c o n d i t i o n s   of   p u l m o n a r y   e m p h y s e m a ,   a t h e r o s c l e r o s i s ,  

r h e u m a t o i d   a r t h r i t i s ,   and   o s t e o   a r t h r i t i s ,   i n   p a r t i c u -  

l a r   f o r   e m p h y s e m a .   The  mode  o f   a d m i n i s t r a t i o n   may  b e  

o r a l ,   p a r e n t e r a l ,   i n c l u d i n g   t h e   s u b c u t a n e o u s   d e p o s i t  

by  m e a n s   of   a n  o s m o t i c   pump,   o r   v i a   a  p o w d e r e d   o r  

l i q u i d   a e r o s o l .   T h e s e   may  be  c o n v e n t i o n a l l y   f o r m u l a t -  

ed  in   an  o r a l   o r   p a r e n t e r a l   d o s a g e   f o r m   by  c o m p o u n d i n g  

a b o u t   10  to   250  mg  p e r   u n i t   o f   d o s a g e   w i t h   c o n v e n t i o n -  

a l   v e h i c l e ,   e x c i p i e n t ,   b i n d e r ,   p r e s e r v a t i v e ,   s t a b i l i z -  

e r ,   f l a v o r   or   t h e   l i k e   as  c a l l e d   f o r   by  a c c e p t e d  

p h a r m a c e u t i c a l   p r a c t i c e   e . g .   as  d e s c r i b e d   in   U . S .  

P a t e n t  N o .   3 , 7 5 5 , 3 4 0 .   F o r   p a r e n t e r a l   a d m i n i s t r a t i o n ,  

a  1  to   10  ml  i n t r a v e n o u s ,   i n t r a m u s u l a r   o r   s u b c u t a n e o u s  

i n j e c t i o n   w o u l d   be  g i v e n   c o n t a i n i n g   a b o u t   0 . 0 2   to  1 0  

m g / k g   o f   b o d y   w e i g h t   o f   a  c o m p o u n d   of   t h e   i n v e n t i o n   3 

o r  4   t i m e s   d a i l y .   The  i n j e c t i o n  w o u l d   c o n t a i n   a  

c o m p o u n d   of  t h e   i n v e n t i o n   in   an  a q u e o u s   i s o t o n i c  

s t e r i l e   s o l u t i o n   or   s u s p e n s i o n   o p t i o n a l l y   w i t h   a  

p r e s e r v a t i v e   s u c h   as  p h e n o l   or   a  s o l u b i l i z i n g   a g e n t  
s u c h   as  e t h y l e n e d i a m i n e t e t r a a c e t i c   a c i d   (EDTA).   In  a  

p o w d e r e d   a e r o s o l ,   c o m p o u n d s   of   t h e   i n v e n t i o n   may  b e  

a d m i n i s t e r e d   in   t h e   same  m a n n e r   as  c r o m o l y n   s o d i u m   v i a  



a  S p i n h a l e r @   t u r b o - i n h a l e r   d e v i c e   o b t a i n e d   f r o m   F i s o n s  

C o r p .   of   B e d f o r d ,   M a s s a c h u s e t t s   a t   a  r a t e   of   a b o u t   0 . 1  

to  50  mg  p e r   c a p s u l e ,   1  to   8  c a p s u l e s   b e i n g   a d m i n i s -  

t e r e d   d a i l y   f o r   an  a v e r a g e   h u m a n .   E a c h   c a p s u l e   to  b e  

u s e d   in   t h e   S p i n h a l e r @   c o n t a i n s   t h e   r e q u i r e d   a m o u n t   o f  

a  c o m p o u n d   of  t h e   i n v e n t i o n   w i t h   t h e   r e m a i n d e r   of   t h e  

20  mg  c a p s u l e   b e i n g   a  p h a r m a c e u t i c a l l y - a c c e p t a b l e  

c a r r i e r   s u c h   as  l a c t o s e .   In  a  l i q u i d   a e r o s o l ,   t h e  

c o m p o u n d s   of   t h e   i n v e n t i o n   a r e   a d m i n i s t e r e d   a t   t h e  

r a t e   of   a b o u t   100  to   1000  m i c r o g r a m s   p e r   " p u f f "   o r  

a c t i v a t e d   r e l e a s e   of   a  s t a n d a r d   v o l u m e   of  p r o p e l l a n t .  

The  l i q u i d   a e r o s o l   w o u l d   be  g i v e n   a t   t h e   r a t e   of   1  t o  

8  p u f f s   p e r   day  w i t h   v a r i a t i o n   in   d o s a g e s   due  to  t h e  

s e v e r i t y   of   t h e   c o n d i t i o n   b e i n g   t r e a t e d ,   t h e   w e i g h t   o f  

t h e   p a t i e n t   and   t h e   p a r t i c l e   s i z e   d i s t r i b u t i o n   of  t h e  

a e r o s o l   s i n c e   s m a l l e r   p a r t i c l e s   w i l l   a c h i e v e   g r e a t e r  

l u n g   p e n e t r a t i o n .   P r o p e l l a n t s ,   e . g . ,   a  f l u o r i n a t e d  

h y d r o c a r b o n   or   i s o b u t a n e ,   c o n t a i n e r s ,   v a l v e s   a n d  

a c t u a t o r s   f o r   l i q u i d   a e r o s o l s   a r e   d e s c r i b e d   by  L .  

L a c h m a n   e t   a l .   in   "The   T h e o r y   and  P r a c t i c e   of  I n d u s -  

t r i a l   P h a r m a c y " ,   Lea   and  F e b i g e r ,   P h i l a d e l p h i a   ( 1 9 7 6 ) .  

In  t h e   f o l l o w i n g   E x a m p l e s   and  t h r o u g h o u t   t h e  

s p e c i f i c a t i o n ,   t h e   f o l l o w i n g   a b b r e v i a t i o n s   a n d  c o n v e n -  

t i o n s   a r e   u s e d :   a tm  ( a t m o s p h e r e s ) ;   bp  ( b o i l i n g  

p o i n t ) ;   °C  ( d e g r e e s   C e l s i u s )   w i t h   a l l   t e m p e r a t u r e s  

b e i n g   in   °C  u n l e s s   o t h e r w i s e   n o t e d ;   g  ( g r a m s ) ;   h r  

( h o u r s ) ;   mg  ( m i l l i g r a m s ) ;   min   ( m i n u t e s ) ;   ml  ( m i l l i -  

l i t e r s ) ;   1  ( l i t e r s ) ;   mol  ( m o l e s ) ;   mmol  ( m i l l i m o l e s ) ;  

mp  ( m e l t i n g   p o i n t ) ;   bp  ( b o i l i n g   p o i n t ) ;   N  ( n o r m a l ) ;   n m  

( n a n o m e t e r s ) ;   nM  ( n a n o m o l a r ) ;   s a t d   or   s a t ' d   ( s a t u -  

r a t e d ) ;   aq  ( a q u e o u s ) ;   conc   ( c o n c e n t r a t e d ) ;   x  ( t i m e s ) ;  



r o o m   t e m p e r a t u r e   ( 2 0 - 2 3 ° ) ;   DCC  ( 1 , 3 - d i c y c l o h e x y l c a r b o -  

d i i m i d e ) ;   DMF  ( d i m e t h y l f o r m a m i d e ) ;   DMSO  ( d i m e t h y l  

s u l f o x i d e ) ;   Et2O$  ( d i e t h y l   e t h e r ) ;   EtOAc  ( e t h y l   a c e -  

t a t e ) ;   HOAc  ( a c e t i c   a c i d ) ;   HOBT  ( h y d r o x y b e n z o t r i a z o l e ) ;  

MeOH  ( m e t h y l   a l c o h o l ) ;   EtOH  ( e t h y l   a l c o h o l ) ;   P d / C  

( p a l l a d i u m   on  c h a r c o a l   c a t a l y s t ) ;   pNA  ( p a r a n i t r o a n i -  

l i d e ) ;   THF  ( t e t r a h y d r o f u r a n ) ;   CBZ  ( b e n z y l o x y c a r b o n y l ) ;  

t -BOC  ( t e r t i a r y b u t y l o x y c a r b o n y l ) ;   DMF  ( d i m e t h y l f o r m -  

a m i d e ) ;   TEA  ( t r i e t h y l a m i n e ) ;   DCC  ( 1 , 3 - d i c y c l o h e x y l c a r -  

b o d i i m i d e ) ;   AcOH  ( a c e t i c   a c i d ) ;   S.M.  ( s t a r t i n g   m a t e -  

r i a l ) ;   NMM  ( N - m e t h y l m o t p h o l i n e ) ;  ≤   ( l e s s   t h a n   o r   e q u a l  

t o ) ;   TEA  ( t r i e t h y l a m i n e ) ;   TFA  ( t r i f l u o r o a c e t i c   a c i d ) ;  

Ac2O  ( a c e t i c   a n h y d r i d e ) ;   CDI  ( c a r b o n y l d i i m i d a z o l e ) ;  

WSCDI  ( w a t e r   s o l u b l e   c a r b o d i i m i d e : l - e t h y l - 3 - ( 3 - d i m e t h -  

y l a m i n o p r o p y l ) c a r b o d i i m i d e h y d r o c h l o r i d e ) ;   DMAP  ( 4 - d i -  

m e t h y l a m i n o p y r i d i n e ) ;   D e s s - M a r t i n   p e r i o d i n a n e   ( 1 , 1 , 1 -  

t r i a c e t o x y - 2 , 1 - b e n z o x i o d o l - 3 ( 3 H ) - o n e ) ;   HCI  g a s   ( g a s e o u s  

H C l )  -   o t h e r w i s e ,   HC1  i s   an  a q u e o u s   s o l u t i o n ;   R h / C  

( r h o d i u m   on  c h a r c o a l   c a t a l y s t ) ;  0   ( p h e n y l   g r o u p ) ;   TLC 

( t h i n   l a y e r   c h r o m a t o g r a p h y   on  s i l i c a   g e l   u n l e s s   o t h e r -  

w i s e   s p e c i f i e d ) ;   Rf  ( r e l a t i v e   m o b i l i t y   in   TLC) ;   MPLC 

( m e d i u m   p r e s s u r e   l i q u i d   c h r o m a t o g r a p h y ) ;   HPLC  ( h i g h  

p r e s s u r e   l i q u i d   c h r o m a t o g r a p h y ) ,   tR  (HPLC  r e t e n t i o n  

t i m e   i n   m i n ) ,   FR  (HPLC  f l o w   r a t e   i n   m l / m i n ) ;   Col   A 

( Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   4 . 6   mm  x  25  cm);   C o l  

B  ( P h e n o m e n e x ®   Z o r b a x ®   C-8  a n a l y t i c a l   c o l u m n ,   4 . 6   mm  x  
35  cm) ;   Col   C  ( A l t e x   U l t r a s p h e r e ® / O c t y l   10  mm  I . D .   x  
25  cm  5  m i c r o n   a n a l y t i c a l   and   p r e p a r a t i v e   c o l u m n ) ;  

f l a s h   c h r o m a t o g r a p h y   ( f l a s h   c o l u m n   c h r o m a t o g r a p h y   o n  
s i l i c a   g e l   u n l e s s   o t h e r w i s e   s p e c i f i e d ) ;   s u c t i o n  

c h r o m a t o g r a p h y   ( s u c t i o n   c o l u m n   c h r o m a t o g r a p h y   o n  



s i l i c a   g e l ) .   In  a d d i t i o n ,   C,  H,  N,  e t c .   ( t h e   c o n v e n -  

t i o n a l   s y m b o l s   f o r   t h e   e l e m e n t s )   a r e   u s e d ;   1 3 3 . 3  

P a s c a l s   =  1  T o r r   as  a  c o n v e r s i o n   f a c t o r   w i t h   760  T o r r  

=  1 4 . 7   p o u n d s   p e r   s q u a r e   i n c h   ( p s i ) ;   1H  NMR  ( n u c l e a r  

m a g n e t i c   r e s o n a n c e )   s p e c t r a   w e r e   o b t a i n e d   u s i n g   e i t h e r  

a  80  MHz  or  250  MHz  i n s t r u m e n t   and   t e t r a m e t h y l s i l a n e  

(TMS)  as  an  i n t e r n a l   s t a n d a r d   ( t h e   s o l v e n t   f o r   t h e  

p a r t i c u l a r   e x a m p l e   i s   n o t e d   in   t h e   e x a m p l e ) ,   6  ( p a r t s  

p e r   m i l l i o n   d o w n f i e l d   f r o m   TMS);  w i t h   s  ( s i n g l e t ) ;   d  

( d o u b l e t ) ;   dd  ( d o u b l e t   of   d o u b l e t s ) ;   m  ( m u l t i p l e t ) .  

N o m e n c l a t u r e :   For   u n i f o r m i t y   and   c l a r i t y ,   " a m i n o  

a c i d   s e q u e n c e   t y p e "   names   a r e   u s e d   w h e n e v e r   p o s s i b l e .  

In  a d d i t i o n ,   a m i n e s   of   f o r m u l a   V  and   t h e   N - s u b s t i -  

t u e n t s   o f   C - t e r m i n a l   a m i d e s   of   f o r m u l a e   I ,   I I ,   I I I ,  

IV,  and   V I I   w h i c h   a r e   f o r m a l l y   d e r i v e d   f r o m   V  a r e  

n u m b e r e d   as  s h o w n :  

When  n e e d e d   or   as  n o t e d ,   v a r i o u s   e x a m p l e s  

w e r e   r e p e a t e d   i f   more   m a t e r i a l   was  r e q u i r e d .  



E x a m p l e  1  

2 ( R S ) , 3 ( S R ) - 3 - A m i n o - 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - p e n t a n -  

ol   h y d r o c h l o r i d e   s a l t  

a.  2 - M e t h y l - l - n i t r o p r o p a n e .  

1 - I o d o - 2 - m e t h y l p r o p a n e   ( 9 4 . 0   g,  0 . 5 1   m o l )  

w a s  a d d e d   d r o p w i s e   to   a  p r e - c o o l e d   (0 °C)   s u s p e n s i o n   o f  

AgN02  ( 1 0 0 . 0   g,  0 . 6 5   mol )   in   E t 2 0   (180  m l ) .   T h e  

r e a c t i o n   was  p r o t e c t e d   f r o m   l i g h t   and  s t i r r e d   o v e r -  

n i g h t  a s   i t   was  a l l o w e d   to  warm  to  room  t e m p e r a t u r e .  
The  r e a c t i o n   m i x t u r e   was  f i l t e r e d   t h r o u g h   C e l i t e ® .  

The  f i l t r a t e   was  c o n c e n t r a t e d   u n d e r   v a c u u m   and   t h e  

r e s i d u e   was   d i s t i l l e d   u n d e r   v a c u u m   ( c a u t i o n :   p o t e n -  

t i a l l y   e x p l o s i v e )   to   g i v e   t h e   p r o d u c t   ( 3 7 . 7   g,  0 . 3 6 6  

m o l ) ;  b . p .   6 1 - 6 5 ° C   a t   6 9 1 3 . 6   P a s c a l s   (52  mm  H g ) .  

b.   2 ( R S ) , 3 ( S R ) - 4 - M e t h y l - 3 - n i t r o - 1 , 1 , 1 - t r i f l u o r o - 2 -  

p e n t a n o l .  

1 - N i t r o - 2 - m e t h y l p r o p a n e   ( 3 7 . 7   g,  0 . 3 6 6   m o l )  

f r o m   E x a m p l e   l a ,   t r i f l u o r o a c e t a l d e h y d e   e t h y l   h e m i a c e -  

t a l   ( 5 8 . 5   g,  0 . 3 6 6   m o l ,   90%  p u r i t y )   and   K2CO3  ( 3 . 4   g ,  
0 . 0 2 5   mo l )   w e r e   m i x e d   and   s t i r r e d   a t   60°C  f o r   3  h r .  

and  t h e n   a t   room  t e m p e r a t u r e   f o r   3  d a y s .   B r i n e   ( 7 5  

ml)   and   IN  a q u e o u s   HC1  (50  ml)   w e r e   a d d e d   and   t h e  

l o w e r   o r g a n i c   l a y e r   s e p a r a t e d .   The  a q u e o u s   l a y e r   w a s  

e x t r a c t e d   w i t h   E t 2 0   ( t w i c e   w i t h   250  ml  e a c h )   and   t h e  

c o m b i n e d   o r g a n i c   l a y e r s   w e r e   w a s h e d   w i t h   b r i n e ,   d r i e d  

o v e r   Na2SO4,   f i l t e r e d   and   c o n c e n t r a t e d   u n d e r   v a c u u m .  



The  r e s i d u e   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l   w i t h   a  g r a d i e n t   e l u t i o n   of  C H 2 C l 2 : h e x a n e  
( 5 0 : 5 0 ) ,   C H 2 C l 2 : h e x a n e   ( 7 5 : 2 5 ) ,   CH2C12  (100%)  a n d  

MeOH:CH2Cl2   ( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   ( 4 4 . 9   g ) ;   T L C ,  

R f = 0 . 6 5 ,   s i l i c a   g e l ,   E t O A c : C H C l 3   ( 5 : 9 5 ) .  

c.  2 ( R S ) , 3 ( S R ) - 3 - A m i n o - 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

p e n t a n o l   h y d r o c h l o r i d e   s a l t .  

A  s o l u t i o n   of   a  p o r t i o n   of   t h e   p r o d u c t   o f  

E x a m p l e   Ib  ( 3 7 . 0   g,  0 . 1 8 4   mol )   in   E t 2 0   (200  ml)   w a s  

a d d e d   d r o p w i s e   to  a  s u s p e n s i o n   of   l i t h i u m   a l u m i n u m  

h y d r i d e   ( 2 2 . 0   g,  0 . 5 8   mol )   in   E t 2 0   (800  m l ) .   T h e  

r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   45  m i n .   and  a  s a t u -  

r a t e d   a q u e o u s   s o l u t i o n   of   N a 2 S O 4  ( 1 1 0   ml)  was  c a r e f u l -  

ly   a d d e d .   The  r e s u l t i n g   s u s p e n s i o n   was  f i l t e r e d ;   t h e  

f i l t r a t e   was  t r e a t e d   w i t h   e t h e r e a l   HC1  and  c o n c e n t r a -  

t e d   u n d e r   v a c u u m   to  g i v e   t h e   p r o d u c t   ( 3 7 . 6   g)  w h i c h  

was  u s e d   w i t h o u t   f u r t h e r   p u r i f i c a t i o n .   H   NMR  d a t a  

( C D 3 C O C D 3 ) ( 2 5 0   MHz):  1 . 2 δ ,   m,  6H;  2 . 3 6 ,   m,  1H;  3 . 5 8 δ ,  

m,  1H;  4 . 9 8 6 ,   m,  2H;  7 . 7 8 6 ,   m,  ( N H 2 ) .  

E x a m p l e   2 

2 ( R S ) , 3 ( S R ) - N - [ 3 - ( 4 - M e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y -  

p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - 1 - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n -  

a m i d e .  



A  s o l u t i o n   of   i s o b u t y l   c h l o r o f o r m a t e   ( 1 1 . 0 1  

g,  0 . 0 8   mol )   in   d r y   THF  (30  ml)   was  a d d e d   d r o p w i s e  

o v e r   5  min  to   a  p r e - c o o l e d   s o l u t i o n   ( - 1 5 ° C )   of   C B Z - L -  

p r o l i n e   ( 1 9 . 2 1   g,  0 . 0 7 7   mol )   and   N - m e t h y l m o r p h o l i n e  

( 8 . 1 8   g,  0 . 0 8 1   mol )   in   THF  (300  ml)   u n d e r   a  n i t r o g e n  

a t m o s p h e r e .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   - 1 5 ° C  

f o r   15  m i n .   The  r e a c t i o n   t e m p e r a t u r e   was  t h e n   r e d u c e d  

to   - 4 0 ° C   and   a  s o l u t i o n   o f   a  p o r t i o n   of   t h e   p r o d u c t   o f  

E x a m p l e   lc   ( 1 6 . 0 0   g,  0 . 0 7 7   m o l )   and  N - m e t h y l m o r p h o l i n e  

( 8 . 1 8   g,  0 . 0 8 1   m o l )  i n   THF  (200  ml)   was  a d d e d   d r o p w i s e  

to  t h e   r e a c t i o n .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t  

- 4 0 ° C   f o r   1  h r .   a n d  t h e n   a l l o w e d   g r a d u a l l y   to   warm  t o  

room  t e m p e r a t u r e   and  s t i r r e d   f o r   an  a d d i t i o n a l   h o u r .  

The  r e a c t i o n   was  f i l t e r e d   and  c o n c e n t r a t e d   u n d e r  

v a c u u m .   T h e   r e s u l t i n g   s y r u p   was  d i s s o l v e d   in   C H C l 3 ,  
and   w a s h e d   w i t h   a q u e o u s   20%  c i t r i c  a c i d   ( t w i c e   w i t h   75  

ml  e a c h ) .   The  o r g a n i c   l a y e r   was  c o n c e n t r a t e d   u n d e r  

v a c u u m  t o   g i v e   t h e  c r u d e   p r o d u c t   as  a  w h i t e   c l o u d y  

s y r u p .   The  c r u d e   p r o d u c t   was  t r i t u r a t e d   w i t h   e t h e r :  

h e x a n e   ( 1 : 2 )   to   g i v e   3  c r o p s   o f   t h e   p r o d u c t   as  a  w h i t e  

p o w d e r  ( 1 7 : 1 1   g ) ;   TLC,  R f = 0 . 4 7 ,   s i l i c a   g e l ,   MeOH:CHC13  
( 3 : 9 7 ) ;   m . p . ,   1 5 2 ° - 1 5 4 ° C ;   HPLC,  tR  =  1 4 . 0 6 ,  1 6 . 6 3 ,  

1 8 . 2 3 ,   1 9 . 0 0 ,   Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   H 2 0 : C H 3 C N  
( 7 0 : 3 0 ) , - f l o w   r a t e   =  3  m l / m i n .  

b.  2 ( R S ) , 3 ( S R ) - N - [ 3 - ( 4 - M e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

The  p r o d u c t   of   E x a m p l e   2a  ( 2 . 0 0   g,  4 . 9 7  

m m o l )   was  d i s s o l v e d   in   a b s o l u t e   e t h a n o l   (50  m l ) ,   10% 

Pd/C  ( 0 . 5   g)  was  a d d e d   and  t h e   r e a c t i o n   m i x t u r e   w a s  



h y d r o g e n o l y z e d   ( 3 1 0 1 2 6 . 5 3   P a s c a l s ,   45  p s i   h y d r o g e n )  

f o r   3  h r .   a t   room  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e  

was  f i l t e r e d   t h r o u g h   C e l i t e ®   and  t h e   s o l v e n t   was  r e -  

moved   u n d e r   v a c u u m   to  g i v e   t h e   p r o d u c t   ( 1 . 3 6   g)  w h i c h  

was  u s e d   w i t h o u t   f u r t h e r   p u r i f i c a t i o n .  

E x a m p l e   3 

2 ( R S ) , 3 ( S R ) - L - V a l y l - N - [ 3 - ( 4 - m e t h y l - I , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e  

a.  N - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - L - p r o l i n e  

m e t h y l   e s t e r .  

1 - H y d r o x y b e n z o t r i a z o l e   ( 1 6 3 . 3   g,  1 . 2   m o l )  

was  a d d e d   to  a  p r e - c o o l e d   (0 °C)   s o l u t i o n   of  N - b e n z y l -  

o x y c a r b o n y l - L - v a l i n e   ( 1 5 1 . 8   g,  0 . 6   mo l )   in  DMF  ( 1 . 3  

l i t e r )   and   s t i r r e d   f o r   15  m i n .   A  s u s p e n s i o n   of   L - p r o -  

l i n e   m e t h y l   e s t e r   h y d r o c h l o r i d e   ( 1 0 0 . 0   g,  0 .6   mol )   a n d  

TEA  ( 6 4 . 2   g,  0 . 6 3   mo l )   in  DMF  ( 0 . 7   l i t e r )   was  a d d e d ,  

f o l l o w e d   by  DCC  ( 1 3 7 . 1   g,  0 . 6 6   m o l ) .   The  r e a c t i o n  

m i x t u r e   was  s t i r r e d   f o r   3  h r .   a t   0°C  and   t h e n   a t   r o o m  

t e m p e r a t u r e   f o r   3  d a y s .   The  r e a c t i o n   m i x t u r e   w a s  

f i l t e r e d   and  t h e   f i l t r a t e   c o n c e n t r a t e d   u n d e r   v a c u u m .  

The  r e s i d u e   was  m i x e d   w i t h   EtOAc  ( 0 . 7 5   l i t e r )   a n d  

f i l t e r e d .   The  f i l t r a t e   was  w a s h e d   s u c c e s s i v e l y   w i t h  

20%  a q u e o u s   c i t r i c   a c i d   ( 0 . 7 5   l i t e r ) ,   s a t u r a t e d  

a q u e o u s   NaHCO3,  and  b r i n e .   The  o r g a n i c   p h a s e   w a s  

d r i e d   o v e r   MgS04,   f i l t e r e d   and  c o n c e n t r a t e d   u n d e r  

v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t   ( 2 7 1 . 3   g ) .   The  p r o -  
d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a  



g e l   u s i n g   a  g r a d i e n t   e l u t i o n   s t a r t i n g   w i t h   CH2C12  a n d  

f i n i s h i n g   w i t h   MeOH:CH2Cl2   ( 4 : 9 6 )   to  g i v e   t h e   p r o d u c t  

( 2 1 8 . 1   g ) ;   TLC,  R f = 0 . 4 8 ,   s i l i c a   g e l ,   M e O H : C H C 1 3 ( 5 : 9 5 ) .  

b.   N - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - L - p r o l i n e .  

To  a  s o l u t i o n   of   a  p o r t i o n   of   t h e   p r o d u c t   o f  

E x a m p l e   3a  ( 1 5 8 . 8   g,  0 . 4 3 8   mo l )   in   MeOH  ( 1 . 6   l i t e r )  

was  a d d e d   IN  a q u e o u s   NaOH  (500  ml)   and   t h e   s o l u t i o n  

s t i r r e d   a t   room  t e m p e r a t u r e   f o r   17  h r .   IN  a q u e o u s  
NaOH  (100  ml)   was  a d d e d   and   s t i r r i n g   c o n t i n u e d   f o r   5 

h r .   A d d i t i o n a l   IN  a q u e o u s   NaOH  (50  ml)   was  a d d e d   a n d  

t h e   r e a c t i o n   was  s t i r r e d   o v e r n i g h t .   The  r e a c t i o n   w a s  

c o n c e n t r a t e d   u n d e r   v a c u u m   to   r e m o v e  t h e   MeOH.  H 2 0  
( 1 . 0   l i t e r )   was  a d d e d   and  t h e   a q u e o u s   s o l u t i o n   e x -  

t r a c t e d   w i t h   E t 2 O .   The  a q u e o u s   s o l u t i o n   was  a c i d i f i e d  

w i t h  I N   a q u e o u s   HC1  (700  ml)   and   e x t r a c t e d   w i t h   E t O A c .  

The  EtOAc  e x t r a c t s   w e r e   w a s h e d   w i t h   b r i n e ,   d r i e d   o v e r  

Na2SO4,   f i l t e r e d   and   c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e  

t h e   p r o d u c t   ( 1 5 9 . 2  g ) ;   TLC,  R f = 0 . 3 4 ,   s i l i c a   g e l ,  

MeOH:CHC13:   AcOH  ( 5 : 9 4 : 1 ) .  

c.  2 ( R S ) , 3 ( S R ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L -  

p r o l i n a m i d e .  

I s o b u t y l c h l o r o f o r m a t e   ( 7 7 . 3   g,  0 . 5 6 6   m o l )  

was  a d d e d   to   a  p r e - c o o l e d   ( - 1 5 ° C )   s o l u t i o n   of   N - m e t h -  

y l m o r p h o l i n e   ( 5 9 . 2 5   g,  0 . 5 6 6   mol )   and   t h e   p r o d u c t   o f  

E x a m p l e   3 b . ( 1 9 7 . 2   g,  0 . 5 6 6   mol )   in   d r y   THF  ( 2 . 5   l i t e r s )  

and  t h e   r e a c t i o n   s t i r r e d   f o r   10  m i n .   The  t e m p e r a t u r e  



was  r e d u c e d   to  - 4 0 ° C   and  N - m e t h y l m o r p h o l i n e   ( 5 9 . 2 5   g ,  
0 . 5 6 6   mol )   was  a d d e d ,   f o l l o w e d   by  t h e   d r o p w i s e   a d d i -  

t i o n   of   a  s o l u t i o n   of   t h e   p r o d u c t   of  E x a m p l e   lc   ( 1 1 7 . 5  

g,  0 . 5 6 6   mol )   in   THF  ( 2 . 5   l i t e r ) .   The  r e a c t i o n   w a s  
a l l o w e d   to  warm  to  room  t e m p e r a t u r e   and   s t i r r e d   f o r  

t h r e e   d a y s .   The  r e a c t i o n   m i x t u r e   was  f i l t e r e d   and  t h e  

f i l t r a t e   c o n c e n t r a t e d   u n d e r   v a c u u m .   The  r e s i d u e   w a s  

d i s s o l v e d   in   EtOAc  and  w a s h e d   s u c c e s s i v e l y   w i t h   H2O,  
IN  a q u e o u s   HC1  and   b r i n e .   The  o r g a n i c   l a y e r   was  d r i e d  

o v e r   Na2SO4,   f i l t e r e d   and  c o n c e n t r a t e d   to  g i v e   t h e  

c r u d e   p r o d u c t   ( 2 6 7 . 8   g ) .   The  p r o d u c t   was  p u r i f i e d   b y  

f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   u s i n g   a  g r a d i e n t  
e l u t i o n   of   T H F : t o l u e n e   ( 5 : 9 5 )   to  T H F : t o l u e n e   ( 2 5 : 7 5 )  

to  g i v e   t h e   p r o d u c t   ( 1 8 3 . 8   g ) ;   TLC,  R f = 0 . 4 ,   s i l i c a  

g e l ,   T H F : t o l u e n e   ( 2 0 : 8 0 ) .  

d.  2 ( R S ) , 3 ( S R ) - L - V a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

A  m i x t u r e   of   a  p o r t i o n   of  t h e   p r o d u c t   o f  

E x a m p l e   3c  ( 3 6 . 7   g,  0 . 0 7 3   mol)   and  10%  Pd/C  (10%,  50% 

w a t e r   w e t )   in   EtOH  ( 0 . 6   l i t e r )   was  h y d r o g e n a t e d   on  a  

P a r r   s h a k e r   ( 3 0 3 , 9 2 4   P a s c a l s ,   3  a tm  H 2 ) .   A f t e r   1  h r .  

t h e   r e a c t i o n   v e s s e l   was  e v a c u a t e d   and  r e - p r e s s u r i z e d  

w i t h   H2.  A f t e r   an  a d d i t i o n a l   0 .5   h r .   t h e   r e a c t i o n  

m i x t u r e   was  f i l t e r e d   t h r o u g h   C e l i t e ®   and  c o n c e n t r a t e d  

u n d e r   v a c u u m   to  g i v e   t h e   p r o d u c t   ( 2 6 . 0   g ) ;   TLC,  R f =  
0 . 1 6 ,   s i l i c a   g e l ,   MeOH:CHC13  ( 5 : 9 5 ) .  



E x a m p l e   4 

2 ( R S ) , 3 ( S R ) - 3 - A m i n o - 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - p e n t a n -  

o l   h y d r o c h l o r i d e   s a l t  

a.  2 - M e t h y l - l - n i t r o p r o p a n e .  

An  a l t e r n a t i v e   m e t h o d   f o r   m a k i n g   t h e   c o m -  

p o u n d   of   E x a m p l e   l a   i s   as  f o l l o w s .  

A  5 - l i t e r ,   3 - n e c k e d ,   r o u n d - b o t t o m e d   f l a s k  

was  e q u i p p e d   w i t h   a  m e c h a n i c a l   s t i r r e r ,   t h e r m o m e t e r ,  

a d d i t i o n   f u n n e l   and  N2  i n l e t .   The  f l a s k   was  c h a r g e d  

w i t h   AgN02  ( 1 0 0 6 . 8 ,  6 . 5 4   m o l )   in   Et2O  ( 2 . 5   l i t e r ) ,   a n d  

i s o b u t y l   i o d i d e   ( 9 2 7 . 2  g ,   5 . 0 3   m o l )   was  p l a c e d   in   t h e  

a d d i t i o n   f u n n e l .   B o t h   t h e   f l a s k   and   t h e   a d d i t i o n   f u n -  

n e l   w e r e  w r a p p e d   in   a l u m i n u m   f o i l   to   p r o t e c t   t h e  

r e a c t i o n   f r o m   l i g h t .   A f t e r   t h e   s t i r r e d   s u s p e n s i o n   w a s  

c o o l e d   to  a p p r o x i m a t e l y   5°C  ( i c e   b a t h ) ,   d r o p w i s e   a d d i -  

t i o n   o f   t h e   i o d i d e   o v e r   a  2  h r   p e r i o d   was  b e g u n .   T h e  

r e a c t i o n   t e m p e r a t u r e   was  m a i n t a i n e d   a t   or   l e s s   t h a n  

5°C  t h r o u g h o u t   t h e   c o u r s e   of   t h e   a d d i t i o n .   When  t h e  

a d d i t i o n   was  c o m p l e t e ,   t h e   r e a c t i o n   v e s s e l   was  p a c k e d  

in   i c e   and  a l l o w e d   to  warm  s l o w l y   to  r oom  t e m p e r a t u r e  

o v e r n i g h t .   NMR  a n a l y s i s   of   an  a l i q u o t   t a k e n   f r o m   t h e  

r e a c t i o n   m i x t u r e   a f t e r   48  h r   of   s t i r r i n g   d e m o n s t r a t e d  

t h a t   a l l   of   t h e   i s o b u t y l   i o d i d e   had   b e e n   c o n s u m e d .  

The  r e a c t i o n   m i x t u r e   was  f i l t e r e d   t h r o u g h   C e l i t e ®   t o  

r e m o v e   s i l v e r   s a l t s   and  t h e   f i l t e r   c a k e   was  w a s h e d  

w i t h   E t 2 0   (3  x  500  m l ) .   The  c o m b i n e d   f i l t r a t e s   w e r e  
d r i e d   MgS04,   f i l t e r e d   and  c o n c e n t r a t e d   on  a  r o t a r y  

e v a p o r a t o r   ( b a t h   temp  =  35°C)   to  a b o u t   600  ml.   F r a c -  



t i o n a l   d i s t i l l a t i o n   ( a t m o s p h e r i c   p r e s s u r e )   ( c a u t i o n :  

p o t e n t i a l l y   e x p l o s i v e )   g a v e   t h e   p u r i f i e d   n i t r o   c o m -  

p o u n d   ( 3 5 0 . 4   g,  68%  y i e l d ) ;  b . p .   1 3 5 ° - 1 4 2 ° C .  

b.  2 ( R S ) , 3 ( S R ) - 4 - M e t h y l - 3 - n i t r o - 1 , 1 , 1 - t r i f l u o r o - 2 -  

p e n t a n o l .  

A  3 - l i t e r ,   3 - n e c k e d ,   r o u n d - b o t t o m e d   f l a s k  

e q u i p p e d   w i t h   a  m e c h a n i c a l   s t i r r e r   and   N2  i n l e t   w a s  

c h a r g e d  w i t h   K2CO3  ( 4 7 0 . 0   g,  3 . 4   m o l ) ,   t h e   p r o d u c t   o f  

E x a m p l e   4a  ( 3 5 0 . 0   g,  3 . 4   mo l )   and  f i n a l l y   t r i f l u o r o -  

a c e t a l d e h y d e   e t h y l   h e m i a c e t a l   ( 7 0 8 . 0   g,  4 .4   m o l ) .   T h e  

m i x t u r e   was  v i g o r o u s l y   s t i r r e d   a t   room  t e m p e r a t u r e   f o r  

76  h r ,   a t   w h i c h   t i m e   1H-NMR  d e m o n s t r a t e d   t h e  n e a r l y  

c o m p l e t e   c o n s u m p t i o n   of  t h e   n i t r o a l k a n e .   The  r e a c t i o n  

m i x t u r e   was  d i l u t e d   w i t h   CH2Cl2  and  f i l t e r e d .   T h e  

f i l t r a t e   was  t r e a t e d   w i t h   a q u e o u s   HC1  u n t i l   pH  =  3 .  

The  l a y e r s   w e r e   s e p a r a t e d   and  t h e   a q u e o u s   l a y e r   w a s  

w a s h e d   w i t h   CH2Cl2  (500  m l ) .   The  c o m b i n e d   CH2Cl2  p o r -  
t i o n s   w e r e   w a s h e d   w i t h   H20  (1  l i t e r )   and  b r i n e   ( 1  

l i t e r ) .   D r y i n g   (MgS04)   and   c o n c e n t r a t i o n   g a v e   8 5 4 . 6   g  
of   c r u d e   p r o d u c t   as  a  y e l l o w   o i l .   1H-NMR  s h o w e d   t h e  

two  d i a s t e r e o m e r i c   n i t r o   a l c o h o l s   ( p r e s e n t   in   t h e  

r a t i o   of   a b o u t   3 :1   as  q u a n t i f i e d   by  i n t e g r a t i o n   of   t h e  

a l c o h o l   p r o t o n s )   w h i c h   c o n s i s t e n t l y   a p p e a r   in   t h e  

r a n g e   6 6 . 0 - 6 . 5   when   r u n   in   a c e t o n e - d 6   c o n t a m i n a t e d   b y  

s o l v e n t s   and   s m a l l   a m o u n t s   of   s t a r t i n g   m a t e r i a l s .  

D i s t i l l a t i o n   a t   r e d u c e d   p r e s s u r e   g a v e   t h e  

f o l l o w i n g   f r a c t i o n s :  



To  s i m p l i f y   p u r i f i c a t i o n s   in   s u b s e q u e n t   s y n t h e t i c  

s t e p s ,   an  e f f o r t   was  made  a t   t h i s   p o i n t   to   o b t a i n   t h e  

m a j o r   d i a s t e r e o m e r i c   p a i r   in   a  s u b s t a n t i a l l y   p u r e  

s t a t e   and  to  a d v a n c e   o n l y   t h i s   m a t e r i a l   t h r o u g h   t h e  

s e q u e n c e .   The  m a j o r   d i a s t e r e o m e r i c   p a i r   c r y s t a l l i z e s  

f r o m   t h e   m i x t u r e   o f   d i a s t e r e o m e r s ,   as  w e l l   as  f r o m  

c o l d   p e n t a n e ,   to   y i e l d   c o l o r l e s s   n e e d l e s .   T h u s ,   f r a c -  

t i o n  C   f r o m   t h e   a b o v e   d i s t i l l a t i o n   was  a l l o w e d   t o  

c r y s t a l l i z e   o v e r n i g h t   in   a  r e f r i g e r a t o r .   The  p r o d u c t  

was  c o l l e c t e d ,   w a s h e d   w i t h  c o l d   p e n t a n e   and   d r i e d   f o r  

s e v e r a l   h o u r s   i n   a  v a c u u m   o v e n   ( C a u t i o n l   T h i s   m a t e -  

r i a l   i s  s o m e w h a t   v o l a t i l e   and  s i g n i f i c a n t   q u a n t i t i e s  

can   b e  l o s t   u n d e r   e x t e n d e d   v a c u u m   t r e a t m e n t )   to  g i v e  

5 2 . 0   g - o f   s u b s t a n t i a l l y   p u r e   m a t e r i a l .   The  f r a c t i o n s  

known  (by  NMR)  to   c o n t a i n   s i g n i f i c a n t   q u a n t i t i e s   o f  

t h e   d e s i r e d   i s o m e r   w e r e   r e p e t i t i v e l y   t r e a t e d   in   t h i s  

f a s h i o n   ( a n d   r e d i s t i l l e d   to  p r o v i d e   new  f r a c t i o n s  

f u r t h e r   e n r i c h e d   in   t h e   d e s i r e d   d i a s t e r e o m e r )   t o  

e v e n t u a l l y   o b t a i n   a  t o t a l   of   1 9 7 . 7   g  o f   s u b s t a n t i a l l y  

p u r e   n i t r o   a l c o h o l .   T h i s   a m o u n t   r e p r e s e n t s   t h e   t y p e  
of   w o r k   d o n e ,   b u t   i t   d o e s   n o t   r e f l e c t   t h e   u p p e r   l i m i t  

of   t h e   y i e l d .  



c.  2 ( R S ) , 3 ( S R ) - 3 - A m i n o - 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

p e n t a n o l   h y d r o c h l o r i d e   s a l t .  

A n h y d r o u s   EtOH  (232  ml)   was  a d d e d   to  10% 

Pd /C   c a t a l y s t   ( 2 . 3 0   g)  u n d e r   N2*.  The  p r o d u c t   o f  

E x a m p l e   4b  ( 2 2 . 9 3   g,  0 . 1 4 4   mol )   was  a d d e d   and  t h e  

r e s u l t a n t   m i x t u r e   was  p l a c e d   on  a  P a r r   h y d r o g e n a t i o n  

a p p a r a t u s   ( a b o u t   480 ,000   P a s c a l s ,   55  p s i   H2)  o v e r n i g h t .  

C a t a l y s t   was  r e m o v e d   by  f i l t r a t i o n   t h r o u g h   C e l i t e ® .  

The  f i l t e r   c a k e   was  t h e n   w a s h e d   w i t h   EtOH.  HC1  g a s  

was  b u b b l e d   t h r o u g h   t h e   c o m b i n e d   f i l t r a t e s   u n t i l  

a p p r o x i m a t e l y   8  g  ( a b o u t   0 . 2 2   mol )   w e r e   a b s o r b e d .   T h e  

s o l u t i o n   was  c o n c e n t r a t e d   on  a  r o t a r y   e v a p o r a t o r   a n d  

t h e   r e s u l t a n t   r e s i d u e   was  c o n c e n t r a t e d   s e v e r a l   t i m e s  

f r o m   E t 2 0   to  o b t a i n   a  w h i t e   s o l i d .   The  s o l i d   w a s  

w a s h e d   w i t h   E t 2 0   and   d r i e d   o v e r n i g h t   in   a  v a c u u m   o v e n  

to  y i e l d   2 0 . 7 9   g  (88%)  of  a m i n e   h y d r o c h l o r i d e .   F o r  

t h e   m . p . ,   w i t h   s l o w   h e a t i n g   t h e   m a t e r i a l   s o f t e n s   a t  

90°C  and  m e l t s   a t   1 1 8 ° - 1 2 0 ° C .   When  a  s a m p l e   i s  

p l u n g e d   i n t o   a  b a t h   p r e h e a t e d   to  1 1 0 ° C ,   i t   m e l t s   i n -  

s t a n t a n e o u s l y .  

* L e s s   a c t i v e   c a t a l y s t s   ( e . g . ,   10%  P d / B a S O 4 ,   w e t   10% 

P d / C )   or  i n s u f f i c i e n t   r e a c t i o n   t i m e s   may  l e a d   to  t h e  

p r o d u c t i o n   of   one  or  more   b y - p r o d u c t s .  

E x a m p l e   5 

2 ( R S , 3 ( S R ) - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e  



a.  N - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - L - p r o l i n e  

m e t h y l   e s t e r .  

A  s o l u t i o n   of   C B Z - L - V a l i n e   ( 1 0 0 . 0   g,  0 . 4 0  

mo l )   in   DMF  (1  l i t e r ,   d r i e d   o v e r   s i e v e s )   was  a d d e d   t o  

a  3 - l i t e r ,   3 - n e c k e d ,   r o u n d - b o t t o m e d   f l a s k   e q u i p p e d  

w i t h   a  m e c h a n i c a l   s t i r r e r ,   N2  i n l e t   and   a  t h e r m o m e t e r .  

The  r e a c t i o n   was  c o o l e d   to   0°C  and  HOBT  h y d r a t e   ( 1 0 8 . 1  

g ,  0 . 8 0   mol )   was  a d d e d .   A p p r o x i m a t e l y   15  min   o f  

s t i r r i n g   w e r e   a l l o w e d   b e f o r e   a d d i n g   a  DMF  (500  m l )  

s l u r r y   of   L - p r o l i n e   m e t h y l e s t e r   h y d r o c h l o r i d e   ( 6 6 . 2  

g,  0 . 4 0   mol )   and  TEA  ( 4 1 . 8   g,  0 . 4 2   mo l )   in   one  p o r -  
t i o n .   A d d i t i o n a l   DMF  (500  ml)   was  u s e d   to   c o m p l e t e  

t h e   t r a n s f e r   o f   t h e   s l u r r y .   DCC  ( 9 0 . 8   g,  0 . 4 4   m o l )  

w a s  a d d e d   to  t h e   r e a c t i o n   and   was  w a s h e d   down  w i t h   DMF 

(100  m l ) .   The  r e a c t i o n   was  s t i r r e d   f o r   3  h r   a t   0 ° C  

b e f o r e   a l l o w i n g   i t   to   w a r m  t o   room  t e m p e r a t u r e   a n d  

s t i r   f o r   3  d a y s .   The  r e a c t i o n   m i x t u r e   was  t h e n  

f i l t e r e d   and  t h e   f i l t r a t e   c o n c e n t r a t e d   a t   r e d u c e d  

p r e s s u r e .  T h e   f i l t e r   c a k e   was  w a s h e d   w i t h   EtOAc  (3  x  

1  l i t e r ) ,   and   c o n c e n t r a t i o n   o f   t h e   r e s u l t a n t   f i l t r a t e  

g a v e   m a t e r i a l   t h a t   was  c o m b i n e d   w i t h   t h e   r e s i d u e   f r o m  

c o n c e n t r a t i o n   of  t h e   DMF  s o l u t i o n .   The  c o m b i n e d   p r o -  
d u c t   m i x t u r e   ( a b o u t   2 . 5   l i t e r s )   was  d i l u t e d   w i t h   E t 2 O  
(2  l i t e r s )   and   s t o r e d   in   t h e   r e f r i g e r a t o r   o v e r n i g h t .  

P r e c i p i t a t e   was  r e m o v e d   by  f i l t r a t i o n .   When  t h e   f i l -  

t r a t e   was  w a s h e d   w i t h   1  N  HC1  (1  l i t e r ) ,   a d d i t i o n a l  

p r e c i p i t a t e   f o r m e d   and   was  r e m o v e d   by  f i l t r a t i o n .   T h e  

f i l t r a t e   was  t h e n   w a s h e d   w i t h   1  N  HC1  (1  l i t e r ) ,   H 2 0  
( 0 . 5   l i t e r ) ,   s a t u r a t e d   NaHC03  (2  x  1  l i t e r )   and  b r i n e  

( 0 . 5   l i t e r ) .   D r y i n g   MgS04  and  c o n c e n t r a t i o n   g a v e  



5 8 7 . 2   g  of   c r u d e   p r o d u c t .   T h i s   m a t e r i a l   was  f l a s h  

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   ( 3 . 5   kg)   w i t h   g r a d i e n t  

e l u t i o n   (CH2Cl2   to  5%  MeOH:CH2C12  ( 5 : 9 5 ) .   M i x e d   f r a c -  

t i o n s   w e r e   s u b j e c t e d   to  r e p e a t e d   c h r o m a t o g r a p h y   t o  

r e m o v e   i m p u r i t i e s .   C o m b i n a t i o n   of  t h e   f r a c t i o n s   c o n -  

t a i n i n g   t h e   d e s i r e d   p r o d u c t   g a v e   5 0 0 . 7   g  (87%)  o f  

m a t e r i a l   c o n t a m i n a t e d   w i t h   a  s m a l l   a m o u n t   of   low  R f  
i m p u r i t y ;   TLC,  R f = 0 . 3 7 ,   s i l i c a   g e l ,   E t 2 0 : h e x a n e   ( 3 : 1 ) ;  

R f = 0 . 5 3 ,   s i l i c a   g e l ,   MeOH:CHC13  ( 5 : 9 5 ) .  

b.  N - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - L - p r o l i n e .  

A  m e t h a n o l i c   (4  l i t e r s )   s o l u t i o n   of   t h e   p r o -  
d u c t   of   E x a m p l e   5a  ( 5 0 0 . 7   g,  1 . 3 8   mo l )   was  a d d e d   to  a  

1 2 - l i t e r ,   3 - n e c k e d ,   r o u n d - b o t t o m e d   f l a s k   e q u i p p e d  w i t h  

a  m e c h a n i c a l   s t i r r e r   and  an  N 2  i n l e t .   To  t h e   s t i r r e d  

s o l u t i o n   was  a d d e d   1  N  NaOH  ( 1 . 4   l i t e r s ) ,   b r i n g i n g   t h e  

pH  to  a p p r o x i m a t e l y   13.  A f t e r   t h e   r e a c t i o n   h a d  

s t i r r e d   f o r   3  h r ,   t h e   pH  d r o p p e d   to  11.  A d d i t i o n a l   1 

N  NaOH  ( 0 . 1   l i t e r )   was  u s e d   to  b r i n g   t h e   pH  to  12  a n d  

t h e   r e a c t i o n   was  s t i r r e d   o v e r n i g h t   a t   room  t e m p e r a -  

t u r e .   MeOH  was  r e m o v e d   f r o m   t h e   r e a c t i o n   m i x t u r e   b y  

c o n c e n t r a t i o n   on  a  r o t a r y   e v a p o r a t o r .   D u r i n g   t h e  

c o u r s e   of  t h e   s o l v e n t   r e m o v a l ,   a  t o t a l   of  1  l i t e r   o f  

H20  was  a d d e d   to  r e d u c e   t h e   c o n c e n t r a t i o n   of  t h e   b a s e .  

The  a q u e o u s   s o l u t i o n   was  w a s h e d   w i t h   E t 2 0   b e f o r e  

a c i d i f y i n g   w i t h   1  N  HCl  ( 1 . 5   l i t e r s )   to  a  pH  of  a p -  

p r o x i m a t e l y   3 . 5 .   The  l a y e r s   w e r e   s e p a r a t e d   and  t h e  

a q u e o u s   l a y e r   was  e x t r a c t e d   w i t h   EtOAc  (3  x  1  l i t e r ) .  

The  c o m b i n e d   o r g a n i c s   w e r e   w a s h e d   w i t h   b r i n e   ( 1  

l i t e r ) ,   d r i e d   (MgS04)   and  c o n c e n t r a t e d   to  g i v e   4 9 3 . 0   g  



(100%)  of   p r o d u c t   as  a  w h i t e   s o l i d ;   TLC,  R f = 0 . 5 1 ,  
s i l i c a   g e l ,   MeOH:CHCI3  ( 5 : 9 5 )   w i t h   a d d e d   AcOH.  

c.  2 ( R S ) , 3 ( S R ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L -  

p r o l i n a m i d e .  

The  p r o d u c t   o f   E x a m p l e   5b  ( 1 0 5 . 3   g,  0 . 3 0 2  

m o l )   was  d i s s o l v e d   i n   d r y   THF  ( 1 . 5   l i t e r s )   u n d e r   N2  i n  

a  3 - l i t e r ,   3 - n e c k e d ,   r o u n d - b o t t o m e d   f l a s k   e q u i p p e d  

w i t h   a  m e c h a n i c a l   s t i r r e r ,   t h e r m o m e t e r ,   NZ  i n l e t   a n d  

an  a d d i t i o n   f u n n e l .   The  s o l u t i o n   was  c o o l e d   to  - 3 5 ° C  

and  t r e a t e d   w i t h   1  e q u i v a l e n t   (34  ml ,   0 . 3 0 9   m o l )   o f  

NMM.  I s o b u t y l   c h l o r o f o r m a t e   (39  ml ,   0 . 3 0 7   mo l )   w a s  

a d d e d   d r o p w i s e   o v e r   20  min  w h i l e   m a i n t a i n i n g   t h e   t e m -  

p e r a t u r e ≤   - 3 5 ° C .   A f t e r   t h e   a d d i t i o n   was  c o m p l e t e ,  

t h e  r e a c t i o n   was  s t i r r e d   f o r   1  h r   a t   - 3 5 ° C .   A  s e c o n d  

e q u i v a l e n t   of   NMM  (34  ml)  was  a d d e d .   The  p r o d u c t   o f  

E x a m p l e  4 c   ( 6 2 . 8   g,  0 . 3 0 2   mol )   i n   THF  (300  ml)   w a s  

t h e n   a d d e d   a t   s u c h   a  r a t e   t h a t   t h e   t e m p e r a t u r e   w a s  

m a i n t a i n e d   a t  <   - 3 5 ° C .   A f t e r   t h e   a d d i t i o n   was  c o m -  

p l e t e ,   t h e   t e m p e r a t u r e   was  k e p t  <   - 3 5 ° C   f o r   1  h r   b e -  

f o r e   t h e   m i x t u r e   was  a l l o w e d   to  warm  to  room  t e m p e r a -  

t u r e   w i t h   s t i r r i n g   o v e r n i g h t .   The  r e a c t i o n   m i x t u r e  

was  f i l t e r e d   and  t h e   f i l t e r  c a k e   was  w a s h e d   w i t h   THF 

(1  l i t e r ) .   The  c o m b i n e d   f i l t r a t e s   w e r e   c o n c e n t r a t e d  

to  g i v e   189  g  of   c r u d e   p r o d u c t .   T h i s   m a t e r i a l   w a s  

f l a s h   c h r o m a t o g r a p h e d   on  s i l i c a   g e l   ( 5 0 0 0   ml)  a n d  

e l u t e d   w i t h   T H F : t o l u e n e   ( 1 : 9 ) .   Once  p r o d u c t   b e g a n   t o  

e l u t e ,   t h e   s o l v e n t   p o l a r i t y   was  a l t e r e d   in   g r a d i e n t  

f a s h i o n :   T H F : t o l u e n e   ( 1 5 : 8 5 ) ;   T H F : t o l u e n e   ( 2 0 : 8 0 ) ;  



a n d ,   f i n a l l y   M e O H : T H F : t o l u e n e   ( 2 . 5 : 3 0 : 7 0 )   (MeOH  u s e  

was  m i n i m i z e d   to  p r e v e n t   t h e   e l u t i o n   of  low  Rf  i m p u r i -  

t i e s ) .   C o n c e n t r a t i o n   of   t h e   c o l u m n   f r a c t i o n s   f o l l o w e d  

by  d r y i n g   u n d e r   v a c u u m   o v e r n i g h t   g a v e   1 2 . 0   g  (8%)  o f  

s l i g h t l y   i m p u r e   p r o d u c t   and  1 3 1 . 6   g  (87%)  of  s u b s t a n -  

t i a l l y   p u r e   m a t e r i a l .   (NOTE:  S o l u t i o n s   of   t h i s   m a t e -  

r i a l   when   t a k e n   to  c o m p l e t e   d r y n e s s   y i e l d e d   a  f o a m  

t h a t   e v e n t u a l l y   s o l i d i f i e d   u n d e r   e x t e n d e d   v a c u u m  

t r e a t m e n t .   C a r e   had   b e e n   t a k e n   t o  a c c o m p l i s h   t h i s  

o p e r a t i o n   in   a  l a r g e   e n o u g h   f l a s k   to  a c c o m o d a t e   t h e  

e x p a n s i o n   of  t h e   f o a m . )   TLC,  R f = 0 . 2 5 ,   s i l i c a   g e l ,  

MeOH:CHCl3  ( 5 : 9 5 ) ;   R f = 0 . 3 7 ,   s i l i c a   g e l ,   T I I F : t o l u e n e  

( 2 0 : 8 0 ) .   When  t h e   m a t e r i a l   i s   s p o t t e d   l i g h t l y ,   t h e  

two  i s o m e r s   r e s o l v e d   to  g i v e   s p o t s   a t   R f = 0 . 3 7   and  R f =  

0 . 4 6 ,   s i l i c a   g e l ,   T H F : t o l u e n e   ( 2 0 : 8 0 ) .  

(NOTE:  M a i n t e n a n c e   of  t h e   i n t e r n a l   t e m p e r a -  

t u r e s   q u o t e d   in   t h i s   p r o c e d u r e   a p p e a r s   to  be  c r u c i a l  

f o r   o b t a i n i n g   s u b s t a n t i a l l y   p u r e   p r o d u c t . )  

d.  2 ( R S ) , 3 ( S R ) - L - V a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

The  p r o d u c t   of   E x a m p l e   5c  ( 1 3 1 . 6   g,  0 . 2 6 2  

m o l )   was  d i s s o l v e d   in   EtOH  (750  ml)  and  c o m b i n e d   w i t h  

10%  Pd /C   c a t a l y s t   (50%  H20,  1 3 . 0   g)  u n d e r   N2  in   a  

l a r g e   P a r r   h y d r o g e n a t i o n   b o t t l e .   The  r e a c t i o n   m i x t u r e  

was  s h a k e n   u n d e r   a  480,000  P a s c a l s ,   55  p s i   a t m o s p h e r e   o f  

H2  on  a  P a r r   a p p a r a t u s .   R e p r e s s u r i z i n g   w i t h   H2  w a s  

c o n t i n u e d   u n t i l   no  f u r t h e r   u p t a k e   was  o b s e r v e d .  

E x a m i n a t i o n   of   t h e   r e a c t i o n   by  TLC  s h o w e d   c o m p l e t e  

c o n s u m p t i o n   of   s t a r t i n g   m a t e r i a l .   The  r e a c t i o n   m i x -  



t u r e   was  f i l t e r e d   t h r o u g h   C e l i t e ®   and   c o n c e n t r a t e d   t o  

a  f o a m .   T h i s   m a t e r i a l   was  t r i t u r a t e d   w i t h   E t 2 0 ,   f i l -  

t e r e d ,   and   d r i e d   to   g i v e   8 1 . 4   g  (84%)  o f   l i g h t   g r e y  

s o l i d ;   TLC,  R f = 0 . 4 1 ,   s i l i c a   g e l ,   CHCl3:MEOH  ( 1 0 : 1 ) .  

E x a m p l e   6 

3 S ( o r R ) - P h e n y l m e t h o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a  I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) C H 3 ,   R3=∅CH2,  R 4 = H ,  

A=OCO,  n = l )  

a.  2 R , 3 S - 3 - A m i n o - 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - p e n t a n o l  

D - t a r t a r i c   a c i d   s a l t .  

Amine   h y d r o c h l o r i d e   (20  g)  g e n e r a t e d   as  i n  

E x a m p l e  4 e   was  d i s s o l v e d   in   H20  and   n e u t r a l i z e d   w i t h  

s o l i d   NaHCO3.  The  a q u e o u s   s o l u t i o n   was  e x t r a c t e d  

s e v e r a l  t i m e s   w i t h   CH2C12.  The  c o m b i n e d   e x t r a c t s   w e r e  

d r i e d  ( N a 2 S O 4 )   and   c o n c e n t r a t e d   to   y i e l d   t h e   a m i n e  

f r e e  b a s e   ( 1 4 . 0 4   g)  as  a  w h i t e   s o l i d .   T h i s   m a t e r i a l  

was  c o m b i n e d   w i t h   D - t a r t a r i c   a c i d   ( 1 2 . 3 1   g)  in   b o i l i n g  

a n h y d r o u s  E t O H   (100  m l ) ,   and  t h e   r e s u l t a n t   c l o u d y  

s o l u t i o n - w a s   f i l t e r e d   h o t   t h r o u g h   f i l t e r   p a p e r .   T h e  

s o l u t i o n   was  f i r s t   c o o l e d   s l o w l y   to  room  t e m p e r a t u r e  

o v e r n i g h t   and  t h e n  p l a c e d   in   t h e   r e f r i g e r a t o r   f o r  

s e v e r a l   h o u r s .   P r e c i p i t a t e   was  c o l l e c t e d   on  a  f r i t t e d  

f u n n e l ,   w a s h e d   w i t h   c o l d   EtOH,  and  d r i e d   o v e r n i g h t   i n  

a  v a c u u m   o v e n   a t   4 0 ° .   A  s a m p l e   of   t h e   d r i e d   w h i t e  

s o l i d   ( 4 . 5 6   g)  m e l t e d   a t   1 2 7 ° - 1 3 0 ° .   Mos t   of   t h i s  

m a t e r i a l   ( 4 . 0 5   g)  was  d i s s o l v e d   in   b o i l i n g   EtOH  ( 2 0  



m l ) ,   and  t h e   s o l u t i o n   was  s l o w l y   c o o l e d   to  room  t e m -  

p e r a t u r e .   The  w h i t e   g e l - l i k e   s o l i d   w h i c h   d e p o s i t e d  

was  c o l l e c t e d   in   a  s i n t e r e d   g l a s s   f u n n e l   and  w a s h e d  

w i t h   s e v e r a l   p o r t i o n s   of   EtOH.  Vacuum  oven   d r y i n g   a t  

40°C  f o r   s e v e r a l   h o u r s   g a v e   a  w h i t e   s o l i d ,   m . p . ,  
1 3 2 ° - 1 3 4 ° C .  

b.  2 S , 3 S - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2= 

CH(CH3)CH3,   R3=∅CH2,  R4=H,  A=OCO,  n = l ) .  

A c i d   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   5b  ( 1 . 0 0  

g,  2 . 8 7   mmol)  was  d i s s o l v e d   in   d ry   THF  (16  ml)  u n d e r  

N2  in   a  5 0 - m l ,   3 - n e c k e d ,   r o u n d - b o t t o m   f l a s k   e q u i p p e d  

w i t h   a  t h e r m o m e t e r ,   N2  i n l e t ,   s e p t u m   and  a  m a g n e t i c  

s t i r   b a r .   NMM  ( 0 . 3 4   ml ,   3 . 0 9   mmol)  was  a d d e d   and   t h e  

r e s u l t a n t   s t i r r e d   s o l u t i o n   was  c o o l e d   to  an  i n t e r n a l  

t e m p e r a t u r e   of   - 3 5 ° .   I s o b u t y l   c h l o r o f o r m a t e   ( 0 . 3 7   m l ,  

2 . 8 5   mmol)   was  a d d e d   o v e r   2  m i n ,   n e v e r   a l l o w i n g   t h e  

i n t e r n a l   t e m p e r a t u r e   to  r i s e   a b o v e   - 3 5 ° .   The  r e a c -  

t i o n   was  s t i r r e d   f o r   1  h r   a t   - 4 5 °   to  - 3 5 ° .   The  D - t a r -  

t a r a t e   s a l t   f r o m   E x a m p l e   6a  ( 0 . 9 2   g,  2 . 8 6   mmol)  in   a  

m i x t u r e   of  THF  (5  ml)   and  DMSO  (2  ml)   was  t r e a t e d   w i t h  

NMM  ( 0 . 6 8   ml)  and  t h e   c l o u d y   s o l u t i o n   was  a d d e d   to  t h e  

r e a c t i o n   m i x t u r e   a t   s u c h   a  r a t e   t h a t   t h e   t e m p e r a t u r e  

was  k e p t   b e l o w   - 4 0 ° .   The  r e a c t i o n   was  s t i r r e d   a t   - 4 5 °  

to  - 1 5 °   f o r   1  hr   b e f o r e   i t   was  a l l o w e d   to  warm  to  r o o m  

t e m p e r a t u r e   o v e r n i g h t .   The  m i x t u r e   was  d i l u t e d   w i t h  

CHC13  and  t h e n   w a s h e d   (H20,   s a t ' d   aq  N a H C 0 3 ) ,   d r i e d  

( N a 2 S 0 4 ) ,   and  c o n c e n t r a t e d   to  g i v e  t h e   t i t l e   p r o d u c t  



( 1 . 1 5   g,  80%)  as  a  w h i t e   s o l i d .   The  1H-NMR  s p e c t r u m  

of   t h i s   m a t e r i a l   in   DMSO-d6  e x h i b i t e d   a  d o u b l e t   a t  

δ 6 . 4 3 ,   w h i c h   i s   t h e   a p p r o p r i a t e   c h e m i c a l   s h i f t   of   t h e  

a l c o h o l   p r o t o n   in   m a t e r i a l   w i t h   t h e   a s s i g n e d   r e l a t i v e  

c o n f i g u r a t i o n .  

c.  3 S ( o r R ) - P h e n y l m e t h o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,  R 3 =∅C H 2 ,  
R4=H,  A=OCO,  n = l ) .  

A  p o r t i o n   of   t h e   a l c o h o l   g e n e r a t e d   i n  

E x a m p l e   6b  ( 0 . 2 5   g,  0 . 5   mmol)   was  d i s s o l v e d   in   CH2C12  
and  t r e a t e d   w i t h   D e s s - M a r t i n   p e r i o d i n a n e   ( 0 . 4 2   g,  0 . 9 9  

mmol)   in   a  s i n g l e   p o r t i o n .   TFA  ( 0 . 0 8   ml ,   1 . 0 4   m m o l )  

was  a d d e d ,   and   t h e   s l i g h t l y   t u r b i d   m i x t u r e   was  a l l o w e d  

to  s t i r   o v e r n i g h t .   A  w h i t e   s u s p e n s i o n   f o r m e d   i n   t h e  

r e a c t i o n   m i x t u r e .   S t a r t i n g   m a t e r i a l   was  s u b s t a n t i a l l y  

a b s e n t   as  d e m o n s t r a t e d   by  TLC.  W a t e r   c o n t a i n i n g  

N a 2 S 2 0 3   ( 0 . 7 8   g)  and   NaHCO3  ( 0 . 4 2   g)  was  a d d e d   a n d  

s t i r r e d   w i t h   t h e   r e a c t i o n   m i x t u r e .   When  t h e   o r g a n i c  

l a y e r   e v e n t u a l l y   was  c l e a r e d   of   t h e   w h i t e   s o l i d   s u s -  

p e n s i o n ,   i t   was  s e p a r a t e d   f r o m   t h e   a q u e o u s   p h a s e .   T h e  

o r g a n i c   l a y e r   was  w a s h e d   ( s a t ' d   aq  NaHCO3) ,   d r i e d  

( N a 2 S 0 4 ) ,   and  c o n c e n t r a t e d   to  g i v e   an  o i l .   T h i s   m a t e -  

r i a l   r e d i s s o l v e d   and  was  c o n c e n t r a t e d   f r o m   E t 2 0 / h e x a n e  
to  g i v e   a  w h i t e   s o l i d   ( 0 . 2 1   g,  84%  y i e l d ) .   R e c r y s t a l -  

l i z a t i o n   f r o m   h o t   E t 2 0 / h e x a n e   y i e l d e d   a  s u b s t a n t i a l l y  

p u r e   s a m p l e   of   t h e   t i t l e   c o m p o u n d   as  a  s u b s t a n t i a l l y  

p u r e   i s o m e r   w h i c h   e x h i b i t e d   a  s i n g l e   p e a k   on  HPLC  w i t h  

a  r e t e n t i o n   t i m e   i d e n t i c a l   w i t h   t h a t   of   an  a u t h e n t i c  



s a m p l e   of  t h e   t i t l e   p r o d u c t   p r e p a r e d   as  d e s c r i b e d   i n  

E x a m p l e   117;   HPLC,  t R = 5 . 6 5 ,   Col   A,  H2O:CH3CH  ( 5 5 : 4 5 ) ,  

F R = 2 . 0 .  

E x a m p l e   7 

1 - [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) e t h o x y c a r b o n y l ] - N -  

[ 3 ( R S ) - 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e  

a.  4 - N i t r o p h e n y l   2 - [ t r i c y c l o ( 3 . 3 . 1 . 1 3 , 7 ) d e c - 1 - y l ] -  

e t h y l   c a r b o n a t e .  

To  a  s o l u t i o n   of  p - n i t r o p h e n y l   c h l o r o f o r m a t e  

( 1 . 1 7   g,  5 . 8 2   mmol)   in   E t 2 0   (25  ml)   a t   0°C  was  a d d e d  

p y r i d i n e   (5  ml)   f o l l o w e d   by  a d d i t i o n   of   2 - ( 1 - a d a m a n t -  

y l ) e t h a n o l   ( 1 . 0 0   g,  5 . 5 4   mmol)  in   E t 2 0   (20  ml)   d r o p -  

w i s e   o v e r   1  h r .   The  r e s u l t i n g   m i x t u r e   was  s t i r r e d   a t  

room  t e m p e r a t u r e   f o r   12  h r .   and  p a r t i t i o n e d   b e t w e e n  

H20  and  E t 2 0 .   The  e t h e r e a l   l a y e r   was  w a s h e d   w i t h   5% 

a q u e o u s   HCl ,   pH  7 . 0   p h o s p h a t e   b u f f e r ,   d r i e d   o v e r  

MgS04 ,   f i l t e r e d   and   t h e   s o l v e n t s   r e m o v e d   u n d e r   v a c u u m .  

The  c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

on  s i l i c a   g e l   e l u t i n g   w i t h   E t O A c : h e x a n e   ( 5 : 9 5 )   to  g i v e  

t h e   p r o d u c t   ( 1 . 1 0   g)  as  a  w h i t e   p o w d e r ;  T L C ,   R f = 0 . 2 9 ,  
s i l i c a   g e l ,   E t O A c : h e x a n e   ( 5 : 9 5 ) .  

b.  1 - [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) e t h o x y c a r b o n -  

y l ] - N - [ 2 ( R S ) , 3 ( S R ) - 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  



A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   7 a  

( 7 3 1 . 0   mg,  2 . 9 8   m m o l ) ,   a  p r o d u c t   u s i n g   t h e   p r o c e d u r e  

of   E x a m p l e  2 b   (500  mg,  1 . 8 0   mmol)  and   R2CO3  ( 2 . 5 7   g ,  
1 8 . 6   mmol)  in   DMF  (50  ml)   was  s t i r r e d   a t   room  t e m p e r a -  

t u r e   f o r  1 8   h r . ,   f i l t e r e d   and   t h e   s o l v e n t   r e m o v e d  

u n d e r   v a c u u m .   The  r e s i d u e   was  t a k e n   up  in   E t O A c ,  

w a s h e d   w i t h   3  p o r t i o n s   of   10%  a q u e o u s   NaOH,  d r i e d   o v e r  

s o l i d   R 2 C O 3 : N a 2 S O 4   ( 1 0 : 9 0 ) ,   f i l t e r e d   and   t h e   s o l v e n t  

r e m o v e d   a t   r e d u c e d   p r e s s u r e .   The  c r u d e   p r o d u c t   w a s  

c h r o m a t o g r a p h e d   on  s i l i c a   g e l   e l u t i n g   w i t h   MeOH:CHC13  
( 1 : 9 9 ) .   The  r e s u l t i n g   s o l i d   was  w a s h e d   w i t h   h e x a n e   t o  

g i v e   t h e   p r o d u c t   (340  mg)  as  a  w h i t e   s o l i d ;   HPLC,  tR  =  

5 . 8 6 ,   6 . 3 8 ,   Zorbax@  ODS  a n a l y t i c a l   c o l u m n ,   F l o w   r a t e   =  

2  m l / m i n ,   CH3CN:H2O:TFA  ( 7 0 : 3 0 : 0 . 1 ) .  

c .  1 - [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) e t h o x y c a r b o n -  

y l ] - N - 3 ( R S ) - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e .  

To  a  s o l u t i o n   of   o x a l y l   c h l o r i d e   ( 1 . 0 9  g ,  

8 . 6 0   mmol)  in   d r y   CH2C12  (15  ml)   c o o l e d   to  - 4 3 ° C   w a s  

a d d e d   DMSO  ( 1 . 3 7   g,  1 7 . 3   mmol)   in   d r y   CH2C12  (10  m l )  

d r o p w i s e   o v e r   15  m i n .   The  s o l u t i o n   was  s t i r r e d   f o r   1 0  

m i n .   and   t h e   p r o d u c t   of   E x a m p l e   7b  (340  mg,  0 . 7 2   m m o l )  

was  a d d e d   in   t h e   same  m a n n e r   o v e r   30  m i n .   A f t e r  

s t i r r i n g   t h e   s o l u t i o n   a t   - 4 3 ° C   f o r   an  a d d i t i o n a l   1  h r ,  

TEA  ( 4 . 8 0   ml ,   3 4 . 5   mmol)  was  s l o w l y   a d d e d   and  t h e  

s o l u t i o n   a l l o w e d   to  warm  s l o w l y   to  r oom  t e m p e r a t u r e  
and   was  s t i r r e d   f o r   2  h r .   The  s o l u t i o n   was  d i l u t e d  

w i t h   C H 2 C l 2 ,   w a s h e d   w i t h   10%  a q u e o u s   HCl ,   5%  a q u e o u s  
NaOCl ,   d r i e d   o v e r   s o l i d   K 2 C O 3 : N a 2 S O 4   ( 1 0 : 9 0 ) ,   f i l t e r e d  



and  t h e   s o l v e n t   r e m o v e d   u n d e r   v a c u u m .   The  c r u d e   p r o -  
d u c t   was  p u r i f i e d   by  2  s u c c e s s i v e   f l a s h   c h r o m a t o g r a -  

p h i e s   on  s i l i c a   g e l   e l u t i n g   w i t h   MeOH:CHC13  ( 0 . 1 : 9 9 . 9 )  

and   E t O A c : h e x a n e   ( 1 : 5 ) ,   r e s p e c t i v e l y ,   to  g i v e   t h e   p r o -  
d u c t   (130  mg)  as  a  w h i t e   s o l i d ;   TLC,  R f = 0 . 5 0 ,   s i l i c a  

g e l ,   MeOH:CHC13  ( 5 : 9 5 ) ;   HPLC,  tR  =  5 . 3 1 ,   Zo rbax®  ODS 

a n a l y t i c a l   c o l u m n ,   f l o w   r a t e   =  2  m l / m i n ,   C H 3 C N : H 2 0 : T F A  
( 7 0 : 3 0 : . 0 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 5 N 2 F 3 O 4 · 0 . 2 5 H 2 O :   C,  6 0 . 4 3 ;   H,  7 . 5 0 ;   N,  5 . 8 7  

F o u n d :   C,  6 0 . 5 0 ;   H,  7 . 4 5 ;   N,  5 . 7 4  

E x a m p l e  8  

3 ( R S ) - 1 - ( 4 - P h e n y l b u t y l c a r b o n y l ) - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 -  

t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - l - ( 4 - P h e n y l b u t y l c a r b o n y l ) - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n -  

a m i d e .  

A  s o l u t i o n   of   5 - p h e n y l v a l e r i c   a c i d   ( 0 . 3 3 0   g ,  
1 . 8 6   mmol)  and   N - m e t h y l m o r p h o l i n e   ( 0 . 2 8 0   g,  2 . 7 9   m m o l )  

in   THF  (100  ml)  was  c o o l e d   to   - 1 5 ° C .   A  s o l u t i o n   o f  

i s o b u t y l   c h l o r o f o r m a t e   ( 0 . 2 8 0   g,  2 . 0 5   mmol)  in   THF  (5  

ml)  was  a d d e d   d r o p w i s e   and  t h e   m i x t u r e   was  s t i r r e d   a t  

- 1 5 ° C   f o r   10  m i n . ,   a f t e r   w h i c h   t h e   t e m p e r a t u r e   w a s  

l o w e r e d   to  - 4 0 ° C   and  a  s o l u t i o n   of   a  p r o d u c t   m a d e  

u s i n g   t h e   p r o c e d u r e   of   E x a m p l e   2b  ( 0 . 5 0 0   g,  1 . 8 6   m m o l )  

in   THF  (25  ml)  was  a d d e d   d r o p w i s e .   The  m i x t u r e   w a s  

s t i r r e d   f o r   1  h r   a t   - 4 0 ° C   and  o v e r n i g h t   a t   room  t e m -  



p e r a t u r e .   The  m i x t u r e   was  f i l t e r e d   and  t h e   f i l t r a t e  

c o n c e n t r a t e d   u n d e r   v a c u u m .   The  c r u d e   p r o d u c t   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   e l u t i n g  

w i t h   MeOH:CHC13  ( 3 : 9 7 )   to  g i v e   t h e   p r o d u c t   ( 0 . 6 0   g)  a s  

a  w h i t e  s o l i d ;   TLC,  R f = 0 . 4 0 - 0 . 5 1 ,   s i l i c a   g e l ,   MeOH: 

C H C 1 3  ( 3 : 9 7 ) .  

b.   3 ( R S ) - l - ( 4 - P h e n y l b u t y l c a r b o n y l ) - N - [ 3 - ( 4 - m e t h y l -  

1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) 1 - L - p r o l i n a m i d e .  

A  s o l u t i o n   o f   DMSO  ( 4 . 2 2   g,  5 4 . 0   mmol)   i n  

d r y   CH2C12  (80  ml)   was  a d d e d   d r o p w i s e   o v e r   10  min   to  a  

p r e - c o o l e d   ( - 6 0 ° C ) ,   s t i r r e d   s o l u t i o n   o f   o x a l y l   c h l o -  

r i d e   ( 3 . 4 3   g,  2 7 . 0   mmol)   in   CH2Cl2  (10  ml)   u n d e r   a  

n i t r o g e n  a t m o s p h e r e .   The  t e m p e r a t u r e   n e v e r   e x c e e d e d  

- 5 5 ° C   d u r i n g   t h e   a d d i t i o n .   The  m i x t u r e   was  s t i r r e d   a t  

- 6 0 ° C  f o r   15  m i n .   and   a  s o l u t i o n   of   t h e   p r o d u c t   o f  

E x a m p l e   8a  ( 0 . 5 8 0   g,  1 . 3 5   mmol)   in   CH2Cl2  (100  ml)   w a s  

a d d e d   d r o p w i s e  o v e r   10  m i n .   a t   - 6 0 ° C .   The  r e a c t i o n  

m i x t u r e   was  s t i r r e d   a t   - 6 0 ° C   f o r   1  h r .   D i i s o p r o p y l -  

e t h y l a m i n e   ( 6 . 9 8   g,  5 4 . 0   mmol)   was  a d d e d   d r o p w i s e   o v e r  

10  min  a t   - 6 0 ° C .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r  

1  h r   as  i t   w a r m e d   to  room  t e m p e r a t u r e .   The  r e a c t i o n  

m i x t u r e   was  w a s h e d   s u c c e s s i v e l y   w i t h   two  p o r t i o n s   o f  

IN  a q u e o u s   HC1  and   b r i n e ,   and   c o n c e n t r a t e d   u n d e r  

v a c u u m   to  g i v e   t h e  c r u d e   p r o d u c t   ( 0 . 8 5   g)  as  an  o r a n g e  

s y r u p .   The  c r u d e   p r o d u c t   was  p u r i f i e d   by  t h r e e  

s u c c e s s i v e   f l a s h   c h r o m a t o g r a p h i e s   on  s i l i c a   g e l  

e l u t i n g   r e s p e c t i v e l y   w i t h ,   1)  MeOH:CHCl3  ( 3 : 9 7 ) ,   2 )  

MeOH:CHCl3  ( 3 : 9 7 ) ,   and   3)  E t 2 0 : h e x a n e   ( 9 0 : 1 0 )   to  g i v e  

t h e   p r o d u c t   (319  mg)  as  a  w h i t e   f oam;   TLC,  R f = 0 . 3 3 -  



0 . 4 0 ,   s i l i c a   g e l ,   E t 2 0 : h e x a n e   ( 9 0 : 1 0 ) ;   HPLC,  tR  = 

1 7 . 9 3 ,   1 8 . 5 5 ,   Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   H2O:CH3CN 
( 5 5 : 4 5 ) ,   f l o w   r a t e   =  2  m l / m i n .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 2 9 N 2 O 3 F 3 . 1 . 2 5 H 2 O :   C,  5 8 . 8 5 ;   H,  7 . 0 7 ;   N,  6 . 2 4  

F o u n d :   C,  5 8 . 9 1 ;   H,  6 . 8 3 ;   N,  6 . 1 3  

E x a m p l e   9 

3 ( R S ) - l - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - N - [ 3 - ( 4 - m e t h y l -  

1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

A  s o l u t i o n   of  d i m e t h y l s u l f o x i d e   ( 0 . 8 9 0   g ,  
1 1 . 4   mmol)  and  d r y   m e t h y l e n e   c h l o r i d e   (5  ml)  was  a d d e d  

d r o p w i s e   to  a  s t i r r e d   s o l u t i o n   of   o x a l y l   c h l o r i d e  

( 0 . 7 5   g,  5 . 9   mmol)  and   d ry   m e t h y l e n e   c h l o r i d e   (5  m l )  

a t   - 6 0 ° C   u n d e r   n i t r o g e n .   The  r e a c t i o n   m i x t u r e   w a s  

a l l o w e d   to  warm  to  - 2 5 ° C ,   t h e n   a  s o l u t i o n   of   a  p r o d u c t  

made  u s i n g   t h e   p r o c e s s   of  E x a m p l e   2a  ( 0 . 2 0 0   g,  0 . 4 9 7  

mmol)  and  d r y   m e t h y l e n e   c h l o r i d e   (5  ml)  was  a d d e d .  

The  r e s u l t a n t   m i x t u r e   was  s t i r r e d   a t   - 2 5 ° C   f o r   0 .5   h r .  

T r i e t h y l a m i n e   ( 1 . 9 4   g,  1 9 . 2   mmol)  was  a d d e d   and  t h e  

r e a c t i o n   m i x t u r e   was  a l l o w e d   to  warm  to  room  t e m p e r a -  

t u r e .   The  r e a c t i o n   m i x t u r e   was  f i l t e r e d .   The  f i l -  

t r a t e   was  e v a p o r a t e d .   The  r e s i d u e   was  d i s s o l v e d   i n  

c h l o r o f o r m .   The  c h l o r o f o r m   s o l u t i o n   was  w a s h e d   s u c -  

c e s s i v e l y   w i t h   1N  a q u e o u s   HCl,   t h e n   b r i n e   and  d r i e d  

o v e r   Na2SO4.   The  s o l u t i o n   was  f i l t e r e d .   The  s o l v e n t  

was  r e m o v e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t  

( 0 . 1 4 7   g ) .   The  c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   on  s i l i c a   g e l   w i t h   an  e l u e n t   of   CHC13:  



MeOH  ( 9 7 : 3 )   to  g i v e   t h e   p r o d u c t  ( 0 . 1 1   g ) ;   TLC,  R f =  
0 . 2 5 ,   C H C l 3 : E t O A c   ( 9 0 : 1 0 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 9 H 2 3 F 3 N 2 O 4 . 1 . 5 H 2 O :   C,  5 3 . 3 9 ;   H,  6 . 1 3 ;   N,  6 . 5 5  

F o u n d :   C,  5 3 . 5 5 ;   H,  5 . 7 8 ;   N,  6 . 5 6  

E x a m p l e   10  

2 ( R S ) , 3 ( S R ) - L - V a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   ) 

a.  N - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - L - p r o l i n e  

m e t h y l   e s t e r .  

The  p r o c e d u r e   of   E x a m p l e   3a  was  r e p e a t e d .  

b .   N - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - L - p r o l i n e .  

The  p r o c e d u r e   of   E x a m p l e   3b  was  r e p e a t e d  

u s i n g   t h e   m a t e r i a l   f r o m  E x a m p l e   1 0 a .  

c.  2 - M e t h y l - 1 - n i t r o p r o p a n e .  

The  p r o c e d u r e   of  E x a m p l e   l a   was  r e p e a t e d .  

d.  2 ( R S ) , 3 ( S R ) - 4 - M e t h y l - 3 - n i t r o - 1 , 1 , 1 - t r i f l u o r o -  

2 - p e n t a n o l .  

The  p r o c e d u r e   of   E x a m p l e   1b  was  r e p e a t e d  

u s i n g   t h e   m a t e r i a l   f r o m   E x a m p l e   1 0 c .  



e.  2 ( R S ) , 3 ( S R ) - 3 - A m i n o - 4 - m e t h y l - l , l , l - t r i f l u o r o - 2 -  

p e n t a n o l   h y d r o c h l o r i d e   s a l t .  

The  p r o c e d u r e   of   E x a m p l e   lc   was  r e p e a t e d  

u s i n g   t h e   m a t e r i a l   f r o m   E x a m p l e   1 0 d .  

f .   2 ( R S ) , 3 ( S R ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l - L -  

p r o l i n a m i d e .  

The  p r o c e s s   of  E x a m p l e   3c  was  r e p e a t e d   u s i n g  

t h e   c o m p o u n d s   f r o m   E x a m p l e s   10b  and  1 0 e .  

g.  2 ( R S ) , 3 ( S R ) - L - V a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

The  p r o c e s s   of   E x a m p l e   3d  was  r e p e a t e d   u s i n g  

t h e   c o m p o u n d   f r o m   E x a m p l e   1 0 f .  

E x a m p l e   11 

3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h -  

y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a . - f .   S t e p s   a - f   w e r e   r e p e a t e d   as  e x p l a i n e d   i n  

E x a m p l e s   1 0 a - f .  

g.  3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a -  

m i d e .  



A  s o l u t i o n   of   DMSO  ( 1 2 . 4 6   g,  1 5 9 . 5 0   mmol)  i n  

d r y   CH2C12  (12  ml)  was  a d d e d   d r o p w i s e   o v e r   10  m i n .   t o  

a  p r e - c o o l e d   ( - 6 0 ° C ) ,   s t i r r e d   s o l u t i o n   of   o x a l y l  

c h l o r i d e   ( 1 0 . 1 2   g,  7 9 . 7 5   mmol)  in   CH2Cl2  (160  m l )  

u n d e r   a  n i t r o g e n   a t m o s p h e r e .   The  t e m p e r a t u r e   of   t h e  

r e a c t i o n   n e v e r   e x c e e d e d   - 5 0 ° C   d u r i n g   t h e   a d d i t i o n .   A 

s o l u t i o n   of   t h e   a l c o h o l   in   E x a m p l e   1 1 f   ( 2 . 0 0   g,  3 . 9 9  

mmol)  in   CH2Cl2  (160  ml)  was  a d d e d   d r o p w i s e   o v e r   1 0  

m i n .   a t   - 6 0 ° C .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t  

- 6 0 ° C   f o r   1  h o u r .   D i i s o p r o p y l e t h y l a m i n e   ( 2 0 . 6 2   g ,  
1 5 9 . 5 0  m m o l )  w a s   a d d e d   d r o p w i s e   o v e r   10  m i n .   a t   - 6 0 ° C .  

The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   1  h r .   as  i t  

w a r m e d  t o   r oom  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e   w a s  
w a s h e d   w i t h   IN  a q u e o u s   HC1,  t h e n   b r i n e ,   and  t h e n   c o n -  

c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t   a s  

an  o r a n g e   s y r u p   ( 2 . 7 6   g ) .   The  c r u d e   p r o d u c t   was  p u r i -  

f i e d   w i t h   t h r e e   s u c c e s s i v e   f l a s h   c h r o m a t o g r a p h i e s   o n  

s i l i c a   g e l   e l u t i n g   r e s p e c t i v e l y   w i t h   1)  e t h e r : h e x a n e  

( 8 0 : 2 0 ) ,   2)  MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 ) ,   3)  MeOH:CHCl3  ( 2 . 5 :  

9 7 . 5 )   to  g i v e   t h e   p r o d u c t   as  a  w h i t e   foam  ( 0 . 8 8   g ) ;  

TLC,  R f = 0 . 4 5 ,   s i l i c a   g e l ,   MeOH:CHC13  ( 3 : 9 7 ) ;   H P L C ,  

tR  =  6 . 4 5 ,   1 1 . 1 0 ,   Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   H 2 0 :  

CH3CN  ( 5 5 : 4 5 )   w i t h   0.1%  t r i f l u o r o a c e t i c   a c i d ,   f l o w  

r a t e   =  2  m l / m i n .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 2 N 3 O 5 F 3 . 0 . 5   H20:  C,  5 6 . 6 8 ;   H,  6 . 5 4 ;   N,  8 . 2 6  

F o u n d :   C,  5 6 . 5 8 ;   H,  6 . 5 2 ;   N,  8 . 2 1  



E x a m p l e   1 2  

3 ( R S ) - [ 2 - ( 2 - O x o p y r r o l i d i n y l ) e t h o x y c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x y p e n t y l ) ] - L - p r o l i n -  

a m i d e  

a.  4 - N i t r o p h e n y l - 2 - ( 2 - o x o p y r r o l i d i n y l ) e t h y l   c a r b o n a t e .  

N - ( 2 - h y d r o x y e t h y l ) p y r r o l i d o n e   ( 3 . 0 0   g,  2 3 . 2  

mmol)   was  d i s s o l v e d   in   d i e t h y l   e t h e r   (20  ml)  u n d e r   a  

n i t r o g e n   a t m o s p h e r e   and  s t i r r e d   a t   room  t e m p e r a t u r e .  

A  s o l u t i o n   of   p - n i t r o p h e n y l   c h l o r o f o r m a t e   ( 4 . 6 8   g ,  
2 3 . 2   mmol)  in   d i e t h y l   e t h e r   (25  ml)  was  a d d e d   d r o p w i s e  

to  t h e   m i x t u r e   o v e r   2  h r .   The  m i x t u r e   was  s t i r r e d   f o r  

an  a d d i t i o n a l   2  h r .   a t   room  t e m p e r a t u r e .   The  m i x t u r e  

was  c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o -  
d u c t   ( 7 . 9 0   g ) .   The  c r u d e   p r o d u c t   was  p u r i f i e d   b y  

f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   w i t h   M e O H : C H C I 3  

( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   as  a  w h i t e   p o w d e r   ( 4 . 6 2   g ) ;  

TLC,  R f = 0 . 5 l ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 3 : 9 7 ) .  

b.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 2 - O x o p y r r o l i d i n y l ) e t h o x y c a r b o n -  

y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

P o t a s s i u m   c a r b o n a t e   ( 2 . 8 2 0   g,  4 0 . 8 0   m m o l )  

was  a d d e d   to  a  s o l u t i o n   of   e t h y l - 2 - p y r r o l i d o n e - p - n i -  

t r o p h e n y l   c a r b o n a t e   ( 1 . 2 0   g,  4 . 0 8   mmol)  and  a  p r o -  
d u c t   made  u s i n g   t h e   p r o c e d u r e   of   E x a m p l e   3d  ( 1 . 5 0   g ,  
4 . 0 8   mmol)  in   DMF  (100  ml)  a t   room  t e m p e r a t u r e   u n d e r   a  

n i t r o g e n   a t m o s p h e r e .   The  r e a c t i o n   was  s t i r r e d   o v e r -  



n i g h t .   The  r e a c t i o n   m i x t u r e   was  d i l u t e d   w i t h   E t O A c  

and  t h e   e x c e s s   K2CO3  was  f i l t e r e d .   The  f i l t r a t e   w a s  

c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   a  r e s i d u e   w h i c h   w a s  

d i s s o l v e d   in   EtOAc  and   w a s h e d   s u c c e s s i v e l y   w i t h  

a q u e o u s   10%  NaHCO3,  w a t e r ,   a q u e o u s   5%  c i t r i c   a c i d ,   a n d  

b r i n e .   The  o r g a n i c   p h a s e   was  d r i e d   o v e r   N a 2 S 0 4 ,   f i l -  

t e r e d  a n d   c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e  

a l c o h o l .   The  a l c o h o l   was  p u r i f i e d   u s i n g   f l a s h   c h r o m a -  

t o g r a p h y   on  s i l i c a  g e l   w i t h   MeOH:CHCl3  ( 5 : 9 5 )   to  g i v e  

t h e   p r o d u c t   ( 0 . 7 2   g ) ;   TLC,  R f = 0 . 4 6 ,   s i l i c a   g e l ,   MeOH: 

CHC13  ( 7 : 9 3 ) .  

c.  3 ( R S ) - [ 2 - ( 2 - O x o p y r r o l i d i n y l ) e t h o x y c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x y p e n t -  

y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 4 . 3 1 0   g,  5 5 . 2 0   mmol)  i n  

d r y   CH2Cl2  (6  ml)   was  a d d e d   d r o p w i s e   o v e r   10  m i n .   to  a  

p r e - c o o l e d   ( - 6 0 ° C ) ,   s t i r r e d   s o l u t i o n   of   o x a l y l   c h l o r -  

i d e   ( 3 . 5 0 0  g ,   2 7 . 6 0   mmol)   in   CH2Cl2  (80  ml)   u n d e r   a  

n i t r o g e n   a t m o s p h e r e .   The  t e m p e r a t u r e   o f   t h e   r e a c t i o n  

n e v e r   e x c e e d e d   - 5 0 ° C   d u r i n g   t h e   a d d i t i o n .   A  s o l u t i o n  

of  t h e   a l c o h o l   f r o m   E x a m p l e   12b  ( 0 . 7 2 0   g,  1 . 3 8   m m o l )  

in   CH2Cl2  (80  ml)  was  a d d e d   d r o p w i s e   o v e r   10  m i n .   a t  

- 6 0 ° C .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   - 6 0 ° C   f o r  

1  h r .   A  s o l u t i o n   of   d i i s o p r o p y l e t h y l   a m i n e   ( 7 . 1 3   g ,  
5 5 . 2   mmol)  in   CH2C12  (50  ml)   was  a d d e d   d r o p w i s e   o v e r  

10  m i n .   a t   - 6 0 ° C .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d  

f o r   1  h r .   as  i t   w a r m e d   to  room  t e m p e r a t u r e .   T h e  

r e a c t i o n   m i x t u r e   was  w a s h e d   w i t h   IN  a q u e o u s   HC1  a n d  

b r i n e   and   t h e n   c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e  



c r u d e   p r o d u c t   as  an  o r a n g e   s y r u p .   The  c r u d e   p r o d u c t  

was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l  

w i t h   MeOH:CHC13  ( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   as  w h i t e  

foam  ( 0 . 4 3   g ) ;   TLC,  R f = 0 . 3 3 ,   s i l i c a   g e l ,   MeOH:CHC13 
( 5 : 9 5 ) ;   HPLC,  tR  =  3 . 5 0 ,   4 . 6 3 ,   Z o r b a x ®   ODS  a n a l y t i c a l  

c o l u m n ,   H20:CH3CN  ( 5 5 : 4 5 ) ,   f l o w   r a t e   =  1  m l / m i n .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 5 N 4 O 6 F 3 . H 2 O :   C,  5 1 . 2 9 ;   H,  6 . 9 2 ;   N,  1 0 . 4 0  

F o u n d :   C,  5 1 . 2 0 ,   H,  6 . 8 6 ;   N,  1 0 . 0 3  

E x a m p l e   13  

3 ( R S ) - [ 2 - M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o -  

i n a m i d e  

a.  N - B e n z y l o x y c a r b o n y l - L - v a l y l - L - p r o l i n e   t - b u t y l  

e s t e r .  

A  s o l u t i o n   of  N - b e n z y l o x y c a r b o n y l - L - v a l i n e  

( 5 6 . 2 5   g,  0 . 2 4 4   mol )   and  HOBT  ( 6 0 . 6 7   g,  0 . 4 5   mol )   i n  

DMF  (565  ml)  was  c o o l e d   to  5°C.   DCC  ( 5 0 . 8 9   g,  0 . 2 4 7  

mo l )   was  a d d e d   in   one  p o r t i o n .   The  m i x t u r e   w a s  

s t i r r e d   an  a d d i t i o n a l   15  m i n .   a t   5°C  and   t h e n   L - p r o -  

l i n e   t - b u t y l   e s t e r   ( 3 8 . 3 6   g,  0 . 2 2 4   mol )   was  a d d e d .  

The  m i x t u r e   was  s t i r r e d   an  a d d i t i o n a l   2  h r .   a t   5 ° C  

t h e n   f o r   48  h r .   a t   room  t e m p e r a t u r e .   The  m i x t u r e   w a s  

f i l t e r e d   and  c o n c e n t r a t e d   u n d e r   v a c u u m .   The  o i l y  

r e s i d u e   was  d i s s o l v e d   in   EtOAc  (1  l i t e r )   and  w a s h e d  

s u c c e s s i v e l y   w i t h   20%  a q u e o u s   c i t r i c   a c i d ,   s a t u r a t e d  

a q u e o u s   NaHC03  and   b r i n e .   The  o r g a n i c   p h a s e   was  d r i e d  



o v e r   Na2SO4,   f i l t e r e d   and  c o n c e n t r a t e d   u n d e r   v a c u u m   t o  

a f f o r d   t h e   p r o d u c t   ( 9 2 . 0   g)  as  a  w h i t e   f o a m ;   T L C ,  

R f = 0 . 9 ,   s i l i c a   g e l ,   C H C l 3 : E t O A c   ( 8 5 : 1 5 ) .  

b.  L - V a l y l - L - p r o l i n e   t - b u t y l   e s t e r .  

A  m i x t u r e   of   t h e   p r o d u c t   o f   E x a m p l e   1 3 a  

( 9 2 . 0   g,  0 . 2 2 7   mol )   and  10%  P d / C   (10  g)  in   EtOH  ( 1  

l i t e r )  w a s  h y d r o g e n a t e d   on  a  P a r r   s h a k e r   f o r   6  h r .   a t  

P a s c a l s ,   60  p s i   a t   room  t e m p e r a t u r e .   The  m i x -  

t u r e   was  f i l t e r e d   t h r o u g h   C e l i t e ®   and   c o n c e n t r a t e d  

u n d e r   v a c u u m   to  a f f o r d   t h e   p r o d u c t   (62  g)  as  a  v i s c o u s  

y e l l o w  o i l ;   TLC,  R f  = 0 . 3 ,   s i l i c a   g e l ,   M e O H : C H C l 3  
( 1 0 : 9 0 ) .  

c.  N - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - v a l y l - L -  

p r o l i n e - 1 , 1 - d i m e t h y l e t h y l   e s t e r .  

1N  a q u e o u s   NaOH  ( 8 . 0   ml)   was  a d d e d   to  a  p r e -  
c o o l e d   (0 °C)   s o l u t i o n   o f   t h e   p r o d u c t   of   E x a m p l e   1 3 b  

( 2 . 1   g ,   7 . 8   mmol)  in   CH2Cl2  (60  m l ) .   The  m i x t u r e   w a s  

s t i r r e d   and  3 - c a r b o m e t h o x y p r o p i o n y l   c h l o r i d e   ( 0 . 9 6   m l ,  

7 . 8  m m o l )   was  a d d e d .   The  r e a c t i o n   was  s t i r r e d   v i g o r -  

o u s l y   f o r   15  m i n .   a t   0°C.   The  s o l u t i o n   was  r e m o v e d  

f r o m   t h e   i c e   b a t h ,   d i l u t e d   w i t h   H2O  (30  ml)   and   a c i d i -  

f i e d  w i t h   1N  a q u e o u s   HC1.  The  o r g a n i c   l a y e r   w a s  

s e p a r a t e d   and   t h e   a q u e o u s   l a y e r   was  e x t r a c t e d   w i t h  

C H 2 C l 2 .   The  o r g a n i c   l a y e r s   w e r e   c o m b i n e d ,   d r i e d   o v e r  

Na2SO4 ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m .   T h e  

r e s u l t i n g   r e s i d u e   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

on  a  c o l u m n   of   s i l i c a   g e l   e l u t i n g   w i t h   E t 2 0   f o l l o w e d   b y  



EtOAc  to  g i v e   t h e   p r o d u c t   ( 2 . 6 8   g ) ;   TLC,  R f = 0 . 2 8 ,  
s i l i c a   g e l ,   E t 2 0 .  

d.  N - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - v a l y l - L -  

p r o l i n e .  

T r i f l u o r o a c e t i c   a c i d   ( 1 1 . 0   ml ,   143  mmol)  w a s  

a d d e d   to  a  s o l u t i o n   of   t h e   p r o d u c t   of  E x a m p l e   1 3 c  

( 2 . 6 8   g,  6 . 9 8   mmol)  in   CH2Cl2  (11  m l ) .   The  m i x t u r e  

was  s t i r r e d   f o r   4  h r .   and  c o n c e n t r a t e d   u n d e r   v a c u u m   t o  

g i v e   t h e   p r o d u c t   ( 2 . 1 3   g)  w h i c h   was  u s e d   w i t h o u t  

f u r t h e r   p u r i f i c a t i o n .  

e.  2 ( R S ) , 3 ( S R ) - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y -  

p e n t y l ) ] - L - p r o l i n a m i d e .  

I s o b u t y l c h l o r o f o r m a t e   ( 0 . 8 5   ml ,   6 . 5   m m o l )  

was  a d d e d   to  a  p r e - c o o l e d   ( - 1 5 ° C )   s o l u t i o n   of   N - m e t h -  

y l m o r p h o l i n e   ( 0 . 7 1   ml ,   6 . 5   mmol)  and  t h e   p r o d u c t   o f  

E x a m p l e   13d  ( 2 . 1 3   g,  6 . 5   mmol)  in   THF  (50  m l ) .   T h e  

r e a c t i o n   was  s t i r r e d   f o r   10  m i n .   and   t h e   t e m p e r a t u r e  
r e d u c e d   to  - 5 0 ° C .   A  s u s p e n s i o n   of  N - m e t h y l m o r p h o l i n e  

( 0 . 7 1   ml ,   6 . 5   mmol)  and   a  p r o d u c t   made  u s i n g   t h e   p r o -  
c e d u r e   of   E x a m p l e   l c   ( 1 . 3 9   g,  6 .5   mmol)  in  THF  (50  m l )  

was  a d d e d   in   one  p o r t i o n   and  t h e   r e a c t i o n   s t i r r e d  

o v e r n i g h t   as  i t   w a r m e d   t o  r o o m   t e m p e r a t u r e .   The  r e -  

a c t i o n   was  f i l t e r e d   and   t h e   f i l t r a t e   c o n c e n t r a t e d  

u n d e r   v a c u u m .   The  r e s i d u e   was  t a k e n   up  in   EtOAc  a n d  

w a s h e d   s u c c e s s i v e l y   w i t h   IN  a q u e o u s   HC1  and  b r i n e .  

The  o r g a n i c   l a y e r   was  d r i e d   o v e r   Na2SO4,   f i l t e r e d   a n d  



c o n c e n t r a t e d   u n d e r   v a c u u m .   The  r e s u l t i n g   r e s i d u e   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   e l u t i n g  

w i t h   MeOH:CHC13  ( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   ( 1 . 9 2   g ) ;  

TLC,  R f = 0 . 2 4 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

f .   3 ( R S ) - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e .  

A  s o l u t i o n   o f   DMSO  ( 1 1 . 2   m l ,   0 . 1 5 8   m o l )   i n  

CH2C12  (12  ml)   was  a d d e d   s l o w l y   to  a  p r e - c o o l e d  

( - 6 0 ° C )   s o l u t i o n   o f   o x a l y l   c h l o r i d e   ( 6 . 9   ml ,   0 . 0 7 9  

m o l )   i n  C H 2 C l 2  ( 1 6 0   m l ) .   A  s o l u t i o n   o f   t h e  p r o d u c t   o f  

E x a m p l e   13e  ( 1 . 9 0   g,  3 . 9 5   mmol)  i n   CH2C12  (160  ml)  w a s  

a d d e d   to   t h e   r e a c t i o n   m i x t u r e   and   s t i r r e d   f o r   1  h r .   a t  

- 6 0 ° C .   D i i s o p r o p y l e t h y l a m i n e   ( 2 8 . 0   ml ,   0 . 1 5 8   mol )   w a s  
a d d e d   s l o w l y   and   t h e   r e a c t i o n   was  a l l o w e d   to  warm  t o  

a m b i e n t   t e m p e r a t u r e .   The  s o l u t i o n   was  w a s h e d   w i t h   I N  

a q u e o u s   HC1  (2  x  80  ml )   and   b r i n e .   The  o r g a n i c   l a y e r  

was  d r i e d   o v e r   N a 2 S O 4 ,   f i l t e r e d   and   c o n c e n t r a t e d   t o  

g i v e   t h e   c r u d e   p r o d u c t   ( 3 . 5   g ) .   The  p r o d u c t   w a s  

p u r i f i e d   by  f i l t r a t i o n   t h r o u g h   s i l i c a   g e l   w i t h   E t O A c  

f o l l o w e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   u s i n g  
MeOH:  CHC13  ( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   ( 1 . 4 9   g ) ;   T L C ,  

R f = 0 . 3 1 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 5 : 9 5 ) ;   D i a g n o s t i c   1H 

NMR  s h i f t s   (CD3SOCD3,  250  MHz):   0 . 9 ,   m,  12H;  3 . 5 4 ,  

s ,   3H;  3 . 5 4 - 3 . 6 8 ,   m,  2H;  4 . 3 4 ,   m,  1H;  4 . 4 0 ,   m,  1H;  

4 . 4 8  ,   dd,   ½H;  4 . 5 8  ,   dd,   ½H;  8 . 1  ,   d,  1H;  8 . 5 8  ,   d d ,  
1 H .  



E x a m p l e   14  

3 ( R S ) - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

IN  a q u e o u s   NaOH  ( 0 . 9 2   ml)  was  a d d e d   to  a  

s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   13 f   ( 0 . 2 0   g,  0 . 4 2  

mmol)  in   MeOH  (10  ml)  and  t h e   r e a c t i o n   was  s t i r r e d  

o v e r n i g h t   a t   a m b i e n t   t e m p e r a t u r e .   IN  a q u e o u s   HC1  ( 1  

ml)  was  a d d e d   and  t h e   r e a c t i o n   m i x t u r e   was  c o n c e n t r a -  

t e d   u n d e r   v a c u u m   to  r e m o v e   MeOH.  The  a q u e o u s   s o l u t i o n  

r e m a i n i n g   was  e x t r a c t e d   w i t h   EtOAc  and  t h e   o r g a n i c  

l a y e r   was  w a s h e d   w i t h   b r i n e ,   d r i e d   o v e r   N a 2 S 0 4 ,  
f i l t e r e d   and  c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e  

p r o d u c t   ( 0 . 1 8   g ) ;   TLC,  R f = 0 . 2 ,   s i l i c a   g e l ,   MeOH: 

CHC13:TFA  ( 5 : 9 4 : 1 ) ;   HPLC,  tR  =  2 . 9 ,   5 . 8 6 ,   A p p l i e d  

S c i e n c e   A b s o r b o s p h e r e ®   C8,  4 . 6   mm  x  10  cm,  CH3CN:H2O:  
TFA  ( 2 0 : 8 0 : 0 . 1 ) ,   f l o w   r a t e   =  1 .6   m l / m i n .  

E x a m p l e   15 

3 ( R S ) - [ ( 4 - ( E t h o x y c a r b o n y l ) p h e n y l ) a m i n o c a r b o n y l J - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - [ ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n -  

y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of  e t h y l   4 - i s o c y a n a t o b e n z o a t e  

( 0 . 8 6   g,  4 .5   mmol)  in  CHC13  (2  ml)  was  a d d e d   d r o p w i s e  



to   a  s o l u t i o n   of   a  p r o d u c t   made  u s i n g   t h e   p r o c e d u r e   o f  

E x a m p l e   3d  ( 1 . 6 5   g,  4 . 5   mmol)   in   CHC13  (20  ml)   and  t h e  

r e a c t i o n   was  s t i r r e d   o v e r n i g h t   a t   a m b i e n t   t e m p e r a t u r e .  

The  r e a c t i o n   was  c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e  

c r u d e  p r o d u c t .   The  p r o d u c t   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   on  s i l i c a   g e l   u s i n g   MeOH:CHCl3  ( 2 . 5 :  

9 7 . 5 )  a n d   MeOH:CHCl3  ( 5 : 9 5 )   as  e l u e n t s   to   g i v e   t h e  

p r o d u c t   ( 1 . 7 6   g ) ;   TLC,  R f = 0 . 3 4 ,   s i l i c a   g e l ,   MeOH: 

CHCl3  ( 5 : 9 5 ) .  

b.  3 ( R S ) - [ ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   o f   DMSO  ( 4 . 5   m l ,   63  mmol)   i n  

CH2Cl2  (5  ml)   was  a d d e d   s l o w l y   to   a  p r e - c o o l e d   ( - 6 0 ° C )  

s o l u t i o n   o f   o x a l y l   c h l o r i d e   ( 2 . 7 5   ml ,   3 1 . 5   mmol)   i n  

C H 2 C l 2  ( 6 0   m l ) .   The  r e a c t i o n   was  s t i r r e d   f o r   15  m i n .  

a t   - 6 0 ° C .   A  s o l u t i o n   of   t h e   p r o d u c t   o f   E x a m p l e   1 5 a  

( 1 . 7 6   g,  3 . 1 5   mmol)  in   CH2Cl2  (60  ml)   was  a d d e d   to  t h e  

r e a c t i o n   m i x t u r e   and  s t i r r e d   f o r   1  h r .   a t   - 6 0 ° C .  

D i i s o p r o p y l e t h y l a m i n e   (11  ml ,   63  mmol)   was  a d d e d  

s l o w l y   and  t h e   r e a c t i o n   was  a l l o w e d   to   warm  to  a m b i e n t  

t e m p e r a t u r e .   The  s o l u t i o n   was  w a s h e d  w i t h   IN  a q u e o u s  
HC1  (2  x  60  ml)  and   b r i n e .   The  o r g a n i c   l a y e r   was  d r i e d  

o v e r   Na2SO4,   f i l t e r e d   and  c o n c e n t r a t e d  u n d e r   v a c u u m  

to   g i v e   t h e   c r u d e   p r o d u c t   ( 2 . 3   g ) .   The  p r o d u c t   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   u s i n g   a  

s t e p   g r a d i e n t   of  CHC13,  MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 )   a n d  

MeOH:CHC13  ( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   ( 0 . 9 1   g ) ;   T L C ,  

R f = 0 . 4 2 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 5 : 9 5 ) ;   HPLC,  t R  =  



6 . 7 7 ,   1 1 . 2 7 ,   Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   C H 3 C N : H 2 0  
( 4 5 : 5 5 ) ,   f l o w   r a t e   =  2  m l / m i n .  

E x a m p l e   1 6  

3 ( R S ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

1N  a q u e o u s   NaOH  (1  ml)  was  a d d e d   to  a  

s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   15b  ( 0 . 4 8   g,  0 . 8 6  

mmol)  in   MeOH:H2O  (8  m l : 7   m l ) .   The  r e a c t i o n   w a s  

s t i r r e d   f o r   3  h r . ,   a d d i t i o n a l   1N  a q u e o u s   NaOH  w a s  

a d d e d   (1  ml)   and  t h e   r e a c t i o n   was  s t i r r e d   o v e r n i g h t   a t  

a m b i e n t   t e m p e r a t u r e .   1N  a q u e o u s   HCl  ( 2 . 5   ml)  w a s  

a d d e d   and  t h e   m e t h a n o l   was  r e m o v e d   u n d e r   v a c u u m .   H 2 0  
(10  ml)   was  a d d e d   to  t h e   r e s i d u e   and  e x t r a c t e d   w i t h  

EtOAc  (2  x  50  m l ) .   The  c o m b i n e d   o r g a n i c   l a y e r s   w e r e  

w a s h e d   w i t h   b r i n e ,   d r i e d   o v e r   N a 2 S 0 4 ,   f i l t e r e d   a n d  

c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e   p r o d u c t   ( 0 . 4 2  

g ) ;   TLC,  R f = 0 . 1 7 ,   s i l i c a   g e l ,   M e O H : C H C l 3 : A c O H  
( 5 : 9 4 : 1 ) ;   HPLC,  tR  =  2 . 3 8 ,   2 . 7 8 ,   Z o r b a x ®   ODS  a n a l y t i -  

c a l   c o l u m n ,   CH3CN:H20  ( 3 0 : 7 0 ) ,   f l o w   r a t e   =  1  m l / m i n .  

E x a m p l e   17  

3 ( R S ) - [ ( 4 - P h e n y l b u t y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - [ ( 4 - P h e n y l b u t y l ) c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , I - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L -  

p r o l i n a m i d e .  



DCC  ( 0 . 9 0 6   g,  4 . 4   mmol)   was  a d d e d   to   a  

s o l u t i o n  o f   5 - p h e n y l v a l e r i c   a c i d   ( 0 . 7 2 8   g,  4 . 0 8   m m o l ) ,  

a  p r o d u c t   made  u s i n g   t h e   p r o c e d u r e   of   E x a m p l e   3d  ( 1 . 5  

g,  4 . 0 8   mmol)   and  HOBT  ( 1 . 1 9   g,  8 . 8   mmol)   in   THF  ( 7 5  

ml)   a t   0°C.   The  m i x t u r e   was  s t i r r e d   and  a l l o w e d   t o  

s l o w l y   warm  to   room  t e m p e r a t u r e   o v e r n i g h t .   The  m i x -  

t u r e   was  c o n c e n t r a t e d   u n d e r   v a c u u m   and   t h e   r e s u l t i n g  

r e s i d u e   was  t a k e n   up  in   CHCl3  (60  ml)  and  w a s h e d   s u c -  

c e s s i v e l y   w i t h   20%  a q u e o u s   c i t r i c   a c i d   (30  m l ) ,   H 2 0  

(30  m l ) ,   5%  a q u e o u s   NaHCO3  (30  ml)   and   b r i n e   (30  m l ) .  

The  o r g a n i c   p h a s e   was  c o l l e c t e d ,   d r i e d   o v e r   N a 2 S O 4 ,  
f i l t e r e d   and   c o n c e n t r a t e d   u n d e r   v a c u u m   to   g i v e   t h e  

c r u d e   p r o d u c t   ( 2 . 0   g ) .   P u r i f i c a t i o n   by  f l a s h   c h r o m a -  

t o g r a p h y   on  s i l i c a   g e l   e l u t i n g   w i t h  M e O H : C H C l 3   ( 5 : 9 5 )  

g a v e   t h e   p r o d u c t   ( 1 . 0   g)  as  a  w h i t e   f o a m ;   TLC,  R f =  
( 0 . 5 - 0 . 5 5 ) ,   s i l i c a   g e l ,   MeOH:  CHC13  ( 5 : 9 5 ) .  

b .   3 ( R S ) - [ ( 4 - P h e n y l b u t y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 3 . 4   ml ,   48  mmol)  in   d r y  

CH2C12  (4  ml)   was  a d d e d   d r o p w i s e   to   a  s t i r r e d   s o l u t i o n  

of   o x a l y l   c h l o r i d e   ( 2 . 1 0   ml ,   24  mmol)  in   d ry   CH2C12  
(50  ml)   c o o l e d   to  - 6 0 ° C   u n d e r   a  N2  a t m o s p h e r e .   T h e  

s o l u t i o n   was  s t i r r e d   a t   - 6 0 ° C   f o r   15  m i n .   A  s o l u t i o n  

of  t h e   p r o d u c t   of   E x a m p l e   17a   ( 1 . 0 0   g,  1 . 8 9   mmol)  i n  

d r y   CH2C12  (30  ml)   was  a d d e d   s l o w l y ,   k e e p i n g   t h e  

s o l u t i o n   t e m p e r a t u r e   b e l o w   - 5 0 ° C .   The  m i x t u r e   w a s  

s t i r r e d   a t   ( - 5 0 ° C )   f o r   1  h r .   D i i s o p r o p y l e t h y l a m i n e  

( 8 . 4 8   ml ,   48  mmol)  was  a d d e d   d r o p w i s e   and   t h e   r e a c t i o n  

m i x t u r e   was  a l l o w e d   to  warm  s l o w l y   to  room  t e m p e r a -  



t u r e .   The  r e a c t i o n   m i x t u r e   was  w a s h e d   s u c c e s s i v e l y  

w i t h   1N  a q u e o u s   HC1  and  b r i n e .   The  o r g a n i c   p h a s e   w a s  

c o l l e c t e d ,   d r i e d   w i t h   Na2SO4,   f i l t e r e d   and   c o n c e n t r a -  

t e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   k e t o n e .   The  k e t o n e  

was  p u r i f i e d   by  3  s u c c e s s i v e   f l a s h   c h r o m a t o g r a p h i e s  

w i t h   s i l i c a   g e l   and  e l u e n t s   of   (MeOH:CHCl3  ( 5 : 9 5 ) ,  

CHC13  ( 1 0 0 % )  -   MeOH:CHCl3  ( 3 : 9 7 ) ,   and  E t 2 0   ( 1 0 0 % )  -  

MeOH:Et2O  ( 1 0 : 9 0 )   to  g i v e   t h e   f i n a l   p r o d u c t   ( 0 . 2   g)  a s  

a  w h i t e   waxy   s o l i d ;   HPLC,  t R  =   6 . 8 0 ,   8 . 9 0 ,   Zo rbax®  ODS 

c o l u m n ;   H 2 0 : C H 3 C N : T F A   ( 4 0 : 6 0 : 0 . 1 ) ,   f l o w   r a t e   =  0 . 7 5  

m l / m i n .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 N 3 0 4 F 3 H 3 8 . 0 . 5   H20:  C,  6 0 . 6 5 ;   H,  7 . 3 5 ;   N,  7 . 8 5  

F o u n d :   C,  6 0 . 6 8 ;   H,  7 . 3 0 ;   N,  7 . 6 7  

E x a m p l e   18  

3 ( R S ) - 2 [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - l - y l ) e t h o x y c a r b o n -  

y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e  

a.  4 - N i t r o p h e n y l   2 - ( t r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) -  

e t h y l   c a r b o n a t e .  

A  p r o d u c t   was  o b t a i n e d   u s i n g   t he   p r o c e s s   o f  

E x a m p l e   7 a .  

b.   2 ( R S ) , 3 ( S R ) - [ 2 ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) e t h -  

o x y c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - l , l , l - t r i -  

f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  



A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   1 8 a  

( 0 . 7 5 8   g,  2 . 1 9   m m o l ) ,   a  p r o d u c t   made  u s i n g   t h e   p r o c e -  
d u r e   of   E x a m p l e   3d  ( 0 . 7 6 8   g,  2 . 0 9   mmol)   and  K2CO3 
( 2 . 8 9   g,  2 0 . 9   mmol)  in   DMF  (75  ml)  was  s t i r r e d   a t   r o o m  

t e m p e r a t u r e   f o r   18  h r . ,   f i l t e r e d ,   and   t h e   s o l v e n t s  

r e m o v e d   u n d e r   v a c u u m .   The  r e s i d u e   was  d i l u t e d   w i t h  

e t h y l   a c e t a t e ,   w a s h e d   w i t h   3  p o r t i o n s   of   10%  a q u e o u s  
NaOH  and   b r i n e ,   d r i e d   o v e r   s o l i d   K 2 C O 3 : N a 2 S O 4   ( 1 0 : 9 0 ) ,  

f i l t e r e d   and   t h e   s o l v e n t s   r e m o v e d   a t   r e d u c e d   p r e s s u r e .  
The  c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

on  s i l i c a   g e l ,   e l u t i n g   w i t h   MeOH:CHCl3  ( 2 : 9 8 )   to   g i v e  

t h e   p r o d u c t   ( 0 . 9 6 5   g)  as  a  w h i t e   f o a m ;   TLC,  R f = 0 . 1 4  
and   0 . 1 8 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 2 : 9 8 ) .  

c.  3 ( R S ) - [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) e t h o x y c a r -  

c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e .  

To  a  s o l u t i o n   o f   o x a l y l   c h l o r i d e   ( 2 . 1 4   g ,  
1 6 . 8   m m o l )  i n  d r y   CH2Cl2  (30  ml)   c o o l e d   to  - 4 3 ° C   w a s  

a d d e d   DMSO  ( 2 . 6 6   g,  3 3 . 6   mmol)  in   CH2Cl2  (20  m l )  

d r o p w i s e   o v e r   1  h r . ,   f o l l o w e d   by  a d d i t i o n   of   t h e  

p r o d u c t   of   E x a m p l e   18b  ( 0 . 9 6 5   g,  1 . 6 8   mmol)  in   t h e  

same  m a n n e r   o v e r   30  m i n .   A f t e r   s t i r r i n g   t h e   s o l u t i o n  

a t   - 4 3 ° C   an  a d d i t i o n a l   1  h r . ,   t r i e t h y l a m i n e   ( 8 . 5 0   g ,  
8 4 . 0   mmol)  was  a d d e d   and   t h e   s o l u t i o n   a l l o w e d   to   w a r m  

s l o w l y   to  room  t e m p e r a t u r e .   The  s o l u t i o n   was  d i l u t e d  

w i t h   C H 2 C l 2 ,   w a s h e d   w i t h   5%  a q u e o u s   HC1,  5%  a q u e o u s  
NaOCl ,   d r i e d   o v e r   MgSO4,  f i l t e r e d   and   t h e   s o l v e n t  

r e m o v e d   u n d e r   v a c u u m .   The  c r u d e   p r o d u c t   was  p u r i f i e d  

by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   e l u t i n g   w i t h  



CHCl3  a f t e r   p r e t r e a t i n g   s i l i c a   g e l   w i t h   MeOH:CHC13 
( 1 : 9 9 )   to  g i v e   t h e   p r o d u c t   (410  mg)  as  a  w h i t e   f o a m ;  

TLC,  R f = 0 . 3 9 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 2 : 9 8 ) ;   HPLC 

tR  =  8 . 1 2   and  1 0 . 7 5 ,   Zo rbax®  ODS  c o l u m n ,   f l o w   r a t e   = 

1 .5   m l / m i n . ,   CH3CN:H2O:TFA  ( 7 0 : 3 0 :   0 . 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 9 H 4 4 N 3 F 3 O 5 . 0 . 7 5   H20:  C,  5 9 . 5 2 ;   H,  7 . 8 3 ;   N,  7 . 1 8  

F o u n d :   C,  5 9 . 4 8 ;   H,  7 . 7 0 ;   N,  7 . 1 7  

E x a m p l e   19  

3 ( R S ) - [ ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 - ( 2 - M e t h o x y e t h o x y ) e t h y l   4 - n i t r o p h e n y l   c a r b o n a t e .  

To  a  s o l u t i o n   of  p - n i t r o p h e n y l   c h l o r o f o r m a t e  

( 2 . 0 0   g,  9 . 9 2   mmol)  in   E t 2 0   (50  ml)  a t   0°C  was  a d d e d  

p y r i d i n e   (8  m l ) ,   f o l l o w e d   by  a d d i t i o n   of  2 - ( 2 - m e t h o x y -  

e t h o x y ) e t h a n o l   ( 1 . 1 4   g,  9 . 4 5   mmol)  in   Et2O  (25  m l )  

d r o p w i s e   o v e r   1  h r .   The  r e s u l t i n g   m i x t u r e   was  s t i r r e d  

at   room  t e m p e r a t u r e   f o r   12  h r .   and  p a r t i t i o n e d   b e t w e e n  

H20  and  E t 2 0 .   The  e t h e r e a l   l a y e r   was  w a s h e d   w i t h   5% 

a q u e o u s   HCl ,   pH  7 .0   p h o s p h a t e   b u f f e r ,   d r i e d   o v e r  

MgSO4,  f i l t e r e d   and  t h e   s o l v e n t s   r e m o v e d   u n d e r   v a c u u m .  

The  c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

on  s i l i c a   g e l   e l u t i n g   w i t h   E t O A c : h e x a n e   ( 3 0 : 7 0 )   t o  

g i v e   t h e   p r o d u c t   ( 1 . 3 0   g)  as  a  c l e a r   c o l o r l e s s   o i l ;  

TLC,  R f = 0 . 1 1 ,   s i l i c a   g e l ,   E t O A c : h e x a n e   ( 3 0 : 7 0 ) .  



b.  2 ( R S ) , 3 ( S R ) - [ ( 2 - M e t h o x y e t h o x y e t h o x y ) c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n -  

t y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of   t h e   p r o d u c t   f r o m   E x a m p l e   1 9 a  

( 1 . 1 1   g,  3 . 9 0   m m o l ) ,   a  p r o d u c t   made  u s i n g   t h e   p r o c e -  

d u r e   o f  E x a m p l e   3d  ( 1 . 3 7   g,  3 . 7 2   m m o l ) ,   and  K2CO3 
( 5 . 1 4   g,  3 7 . 2   mmol)   in   DMF  (100  ml )   was  s t i r r e d   a t  

room  t e m p e r a t u r e   f o r   18  h r . ,   f i l t e r e d   and  t h e   s o l v e n t s  

r e m o v e d   u n d e r   v a c u u m .   The  r e s i d u e   was  t a k e n   up  i n  

e t h y l   a c e t a t e ,   w a s h e d   w i t h   3  p o r t i o n s   o f   10%  a q u e o u s  

NaOH  and   b r i n e ,   d r i e d   o v e r   s o l i d   K 2 C O 3 : N a 2 S O 4   ( 1 0 : 9 0 ) ,  

f i l t e r e d   and   t h e   s o l v e n t s   r e m o v e d   u n d e r   v a c u u m .   T h e  

c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l ,   e l u t i n g   w i t h   EtOAc  a f t e r   p r e t r e a t i n g   t h e  

s i l i c a   g e l   w i t h   T E A : h e x a n e   ( 1 : 9 )   to  g i v e   t h e   p r o d u c t  

( 1 . 1 3   g)  as  a  c l e a r  c o l o r l e s s   g l a s s ;   TLC,  R f = 0 . 4 3   a n d  

0 . 4 8 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 3 8 N 3 O 7 F 3 :   C,  5 1 . 4 5 ;   H,  7 . 4 5 ;   N,  8 . 1 8  

F o u n d :   C,  5 1 . 4 8 ,   H,  7 . 3 5 ;   N,  8 . 0 1  

c.  3 ( R S ) - [ ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ) - L - v a l y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e .  

To  a  s o l u t i o n   of   o x a l y l   c h l o r i d e   ( 3 . 2 6   g ,  
2 . 5 7   mmol)  in   d ry   CH2Cl2  (70  ml)   c o o l e d   to  - 4 3 ° C   w a s  

a d d e d   DMSO  ( 4 . 0 7   g,  5 1 . 4   mmol)   in   C H 2 C l 2  ( 2 0   m l )  

d r o p w i s e   o v e r   1  h r . ,   f o l l o w e d   by  t h e   a d d i t i o n   of   t h e  

p r o d u c t   of  E x a m p l e   19b  ( 1 . 1 0   g,  2 . 1 4   mmol)  in   C H 2 C l 2  



(25  ml)  in   t h e   same  m a n n e r   o v e r   30  m i n .   A f t e r   s t i r -  

r i n g   t h e   s o l u t i o n  a t   - 4 3 ° C   f o r   an  a d d i t i o n a l   1  h r . ,  

TEA  ( 1 0 . 8 0   g,  1 0 7 . 0   mmol)  was  a d d e d   and  t h e   s o l u t i o n  

a l l o w e d   to  warm  s l o w l y   to  room  t e m p e r a t u r e .   T h e  

s o l u t i o n   was  d i l u t e d   w i t h   CH2Cl2 ,   w a s h e d   w i t h   5% 

a q u e o u s   HC1,  5%  a q u e o u s   NaOCl ,   d r i e d   o v e r   M g S 0 4 ,  
f i l t e r e d   and  t h e   s o l v e n t s   r e m o v e d   u n d e r   v a c u u m .   T h e  

c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l ,   e l u t i n g   w i t h   MeOH:CHCl3  ( 2 : 9 8 )   to  g i v e   t h e  

p r o d u c t   (420  mg)  as  a  c l e a r ,   l i g h t   y e l l o w   s y r u p ;   T L C ,  

R f = 0 . 3 2   and  0 . 3 7 ,   s i l i c a   g e l ,   MeOH:CHC13  ( 5 : 9 5 ) ;   H P L C ,  

t R  =   7 . 3 8   and  9 . 5 5 ,   Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,  

f l o w   r a t e   =  0 .5   m l / m i n ,   CH3CN:H20:   TFA  ( 5 0 : 5 0 : 0 . 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 3 6 N 3 0 7 F 3   0 . 7 5   H20:  C,  5 0 . 3 3 ;   H,  7 . 2 0 ;   N,  8 . 0 0  

F o u n d :   C,  5 0 . 3 4 ;   H,  7 . 2 1 ;   N,  7 . 5 8  

E x a m p l e   20  

3 ( R S ) - [ ( 4 - M e t h o x y p h e n y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - [ ( 4 - M e t h o x y p h e n y l ) c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] -  

L - p r o l i n a m i d e .  

To  a  s o l u t i o n   of   a  p r o d u c t   made  u s i n g   t h e  

p r o c e d u r e   of   E x a m p l e   3d  ( 1 . 5 0   g,  4 . 0 8   mmol)  and  TEA 

( 2 . 0 6   g,  2 0 . 4   mmol)  in   CHC13  (50  ml)  c o o l e d   to  0 ° C ,  

was  a d d e d   4 - m e t h o x y b e n z o y l   c h l o r i d e   ( 0 . 7 6 6   g,  4 . 4 9  

mmol)  in  C H C 1 3  ( 4 0   ml)  d r o p w i s e   o v e r   1  h r .   and  t h e  



s o l u t i o n   s t i r r e d   a t   room  t e m p e r a t u r e   o v e r n i g h t .   T h e  

s o l v e n t s   w e r e   r e m o v e d   u n d e r   v a c u u m   and   t h e   r e s i d u e  

t a k e n   up  in   E tOAc ,   w a s h e d   w i t h   5%  a q u e o u s   HC1,  20% 

a q u e o u s   NaOH,  d r i e d   o v e r   s o l i d   K2CO3:Na2SO4  ( 1 0 : 9 0 ) ,  

f i l t e r e d ,   and   t h e   s o l v e n t s   r e m o v e d   u n d e r   v a c u u m .   T h e  

c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l ,  e l u t i n g   w i t h   MeOH:CHCl3  ( 5 : 9 5 )   to  g i v e   t h e  

p r o d u c t   ( 1 . 8 4   g)  as  a  w h i t e   foam;   TLC,  R f = 0 . 3 3 ,   s i l i c a  

g e l ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C24H34O5N3F3   0 . 3   H20:  C,  5 6 . 8 6 ;   H,  6 . 8 8 ;   N,  8 . 2 9  

F o u n d :   C,  5 6 . 8 0 ;   H,  6 . 8 8 ;   N,  8 . 0 7  

b.  3 ( R S ) - [ ( 4 - M e t h o x y p h e n y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a -  

m i d e .  

To  a  s o l u t i o n   of   o x a l y l   c h l o r i d e   ( 3 . 7 9   g ,  

2 9 . 9   mmol)  in   d ry   CH2Cl2  (50  ml)   c o o l e d   to  - 4 3 ° C   w a s  

a d d e d   DMSO  ( 4 . 7 3   g,  5 9 . 8   mmol)   in   CH2Cl2  (20  m l )  

d r o p w i s e   o v e r   40  m i n . ,   f o l l o w e d   by  a d d i t i o n   o f   t h e  

p r o d u c t   of   E x a m p l e   20a   ( 1 . 5 0   g,  2 . 9 9   mmol)  in   CH2C12  
(20  ml)   in   t h e   same  m a n n e r   o v e r   30  m i n .   A f t e r   s t i r -  

r i n g   t h e   s o l u t i o n   a t   - 4 3 ° C   f o r   an  a d d i t i o n   1  h r . ,   TEA 

( 1 5 . 1 0   g,  1 4 9 . 5   mmol)  was  a d d e d   and  t h e   s o l u t i o n  

a l l o w e d   to  warm  s l o w l y   to  room  t e m p e r a t u r e .   T h e  

s o l u t i o n   was  d i l u t e d   w i t h   C H 2 C l 2 ,   w a s h e d   w i t h   5% 

a q u e o u s   HC1,  5%  a q u e o u s   NaOCI ,   d r i e d   o v e r   M g S O 4 ,  
f i l t e r e d   and   t h e   s o l v e n t s   r e m o v e d   u n d e r   v a c u u m .   T h e  

c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l ,   e l u t i n g   w i t h  E t O A c :   h e x a n e   ( 1 : 1 )   a f t e r  



p r e t r e a t i n g   t h e   s i l i c a   g e l   w i t h   T E A : h e x a n e   ( 1 0 : 9 0 )   t o  

g i v e   t h e   p r o d u c t   (489  mg)  as  a  w h i t e   foam;   TLC,  R f =  
0 . 1 5   and  0 . 1 9 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 2 : 9 8 ) ;   HPLC  t R  
=  6 . 6 2   and  9 . 7 2 ,   Z o r b a x ®   ODS  c o l u m n ,   f l o w   r a t e   =  1 

m l / m i n . ,   CH3CN:H2O:TFA  ( 5 0 : 5 0 : 0 . 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 2 O 5 N 3 F 3 :   C,  5 7 . 7 1 ;   H,  6 . 4 6 ;   N,  8 . 4 1  

F o u n d :   C,  5 7 . 3 9 ;   H,  6 . 6 7 ;   N,  8 . 1 8  

E x a m p l e   21  

3 ( R S ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - N - [ 3 -  

( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - N - [ 3 - ( 4 - M e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

A  p r o d u c t   u s i n g   t h e   p r o c e s s   of  E x a m p l e   2b  

was  o b t a i n e d .  

b.  2 ( R S ) , 3 ( S R ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L -  

l y s y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n -  

t y l ) ] - L - p r o l i n a m i d e .  

DCC  ( 0 . 8 4   g,  4 . 0 9   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   of   ( N 2 , N 6 - d i b e n z y l o x y c a r b o n y l ) - L - l y s -  

i n e   ( 1 . 5 4   g,  3 . 7 2   m m o l ) ,   t h e   p r o d u c t   of   E x a m p l e   2 1 a  

( 1 . 0   g,  3 . 7 2   m m o l ) ,   1 - h y d r o x y b e n z o t r i a z o l e   ( 1 . 0 1   g ,  
7 . 4 4   m m o l ) ,   and  d ry   THF  (70  ml)   a t   0°C  u n d e r   n i t r o g e n .  

The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   0°C  f o r   1  h r ,   a n d  

a l l o w e d   to  warm  to  room  t e m p e r a t u r e   s l o w l y   o v e r n i g h t .  



The  r e a c t i o n   m i x t u r e   was  f i l t e r e d ,   t h e   s o l v e n t   r e m o v e d  

u n d e r   v a c u u m   and  t h e   r e s i d u e   d i s s o l v e d   in   CHCl3 .   T h e  

CHC13  s o l u t i o n   was  w a s h e d   w i t h   20%  a q u e o u s   c i t r i c  

a c i d ,   t h e   o r g a n i c   l a y e r   was  d r i e d   o v e r   N a 2 S 0 4  a n d  
f i l t e r e d .   The  s o l v e n t   was  r e m o v e d   u n d e r   v a c u u m   t o  

g i v e   t h e   c r u d e   p r o d u c t   ( 3 . 1 4   g ) .   The  p r o d u c t   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   e l u t i n g  

w i t h   CHCl3 :MeOH,   ( 9 7 : 3 )   to  a f f o r d   1 . 5 0   g  of   t h e   f i n a l  

p r o d u c t ,   R f = 0 . 3 3 - 0 . 4 5 ,   CHCl3:MeOH  ( 9 5 : 5 ) ,   s i l i c a   g e l .  

c.  3 ( R S ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o -  

l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 3 . 5 9   g,  46  mmol)  and  d r y  

CH2Cl2  (30  ml)   was  a d d e d   to   a  s t i r r e d   s o l u t i o n   o f  

o x a l y l   c h l o r i d e   ( 3 . 0 4   g,  24  mmol)  and  d r y   CH2Cl2  ( 5 0  

ml)  a t   - 6 0 ° C   u n d e r   n i t r o g e n .   The  r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   a t   - 6 0 ° C   f o r   5  m i n .   and  was  a l l o w e d   to  warm  t o  

- 3 0 ° C .   A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   2 1 b   ( 1 . 3 2  

g,  2 . 0   mmol)   and  d ry   CH2Cl2  (30  ml)  was  a d d e d   d r o p -  

w i s e .   The  r e s u l t a n t   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t  

- 2 5 ° C   f o r   1  h r .   TEA  ( 7 . 8   g,  7 7 . 4   mmol)  was  a d d e d   a n d  

t h e   r e a c t i o n   m i x t u r e   was  a l l o w e d   to  s l o w l y   warm  t o  

r o o m  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e   was  w a s h e d  

w i t h   IN  a q u e o u s   HC1,  and  b r i n e .   The  o r g a n i c   l a y e r   w a s  

d r i e d   o v e r   N a 2 S 0 4 ,   f i l t e r e d ,   and  t h e   s o l v e n t   r e m o v e d  

u n d e r  v a c u u m   to  g i v e   t h e   p r o d u c t   ( 2 . 6   g ) .   The  p r o d u c t  

was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   ( s i l i c a   g e l ,  

CHCl3 :MeOH,   9 7 : 3 ,   to  a f f o r d   t h e   p r o d u c t   ( 0 . 9 9   g ) ;   T L C ,  

R f = 0 . 4 - 0 . 5 2 ,   CHCl3:MeOH  ( 9 5 : 5 ) ,   s i l i c a   g e l .  



E x a m p l e   22  

3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - p h e n y l a l a n y l - N - [ 3 -  

( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - p h e n y l a l -  

a n y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n -  

t y l ) ] - L - p r o l i n a m i d e .  

DCC  ( 1 . 0 1   g,  4 . 9 2   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   of   a  p o r t i o n   of   t h e   p r o d u c t   o f  

E x a m p l e   21a  ( 1 . 4 1   g,  4 . 4 7   m m o l ) ,   N - ( b e n z y l o x y c a r b o n -  

y l ) - L - p h e n y l a l a n i n e   ( 1 . 2 0   g,  4 . 4 7   m m o l ) ,   1 - h y d r o x y -  

b e n z o t r i a z o l e   ( 1 . 2 1   g,  8 . 9 4   mmol)  and  d ry   THF  (75  m l )  

a t   0°C  u n d e r   n i t r o g e n .   The  r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   a t   0°C  f o r   1  h r .   and  a l l o w e d   to  warm  to  r o o m  

t e m p e r a t u r e   and  was  s t i r r e d   o v e r n i g h t .   The  r e a c t i o n  

m i x t u r e   was  f i l t e r e d   and  t h e   s o l v e n t   r e m o v e d   u n d e r  

v a c u u m   to  g i v e   t h e   c r u d e   r e s i d u e   w h i c h   was  d i s s o l v e d  

in   CHC13.  The  CHC13  s o l u t i o n   was  w a s h e d   w i t h   20% 

a q u e o u s   c i t r i c   a c i d   and  b r i n e ,   and  d r i e d   o v e r   N a 2 S O 4 .  
The  CHC13  s o l u t i o n   was  f i l t e r e d   and  t h e   s o l v e n t   r e -  

moved   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t   ( 3 . 5 7   g ) .  

The  p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l ,   e l u t i n g   w i t h   CHCl3:MeOH  ( 9 7 : 3 )   to  g i v e   t h e  

p r o d u c t   ( 1 . 4 5   g)  as  a  w h i t e   foam;   TLC,  R f = 0 . 3 9 - 0 . 6 0 ,  

CHCl3:MeOH  ( 9 5 : 5 ) ,   s i l i c a   g e l ,   H P L C : Z o r b a x ®   ODS  a n a -  

l y t i c a l   c o l u m n ,   CH3CN:H20  ( 5 0 : 5 0 ) ,   f l o w   r a t e   =  2 . 5  

m l / m i n . ,   tR  =  6 . 4 7   and  7 . 6 3 .  



b.  3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - p h e n y l a l a n y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 2 . 3 3   g,  2 9 . 9   mmol)   a n d  

d r y   CH2Cl2  (40  ml)   was  a d d e d   d r o p w i s e   to  a  s t i r r e d  

s o l u t i o n   of   o x a l y l   c h l o r i d e   ( 1 . 8 9   g,  1 4 . 9   mmol)   a n d  

d r y   CH2Cl2  (40  ml)   a t   - 6 0 ° C   u n d e r   n i t r o g e n .   T h e  

r e a c t i o n   was  s t i r r e d   a t   - 6 0 ° C   f o r   0 . 5   h r .   A  s o l u t i o n  

of   t h e   p r o d u c t   o f   E x a m p l e   22a   ( 1 . 4 3   g,  2 . 4 9   mmol)  a n d  

dry   CH2Cl2  (40  ml)  was  a d d e d   a t   - 5 0 ° C .   The  r e s u l t a n t  

m i x t u r e   was  s t i r r e d   a t   - 6 0 ° C   f o r   1  h r .   D i i s o p r o p y l -  

e t h y l a m i n e   ( 7 . 7 0   g,  5 9 . 7   mmol)  was  a d d e d   and   t h e  

r e a c t i o n   m i x t u r e   was  a l l o w e d   to  warm  to  room  t e m p e r a -  

t u r e .   The  m i x t u r e   was  w a s h e d   t w i c e   w i t h   1N  a q u e o u s  
HCl ,   t h e n   b r i n e .   The  o r g a n i c   l a y e r   was  d r i e d   o v e r  

Na2SO4,   f i l t e r e d   and  t h e   s o l v e n t   was  r e m o v e d   u n d e r  

v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t   ( 1 . 8 7   g ) .   T h e  

p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a  

g e l ,   CHCl3:MeOH  ( 9 8 : 2 )   to  g i v e   t h e   p r o d u c t   ( 0 . 7 7 1   g )  

as  a  w h i t e   f oam;   TLC,  R f = 0 . 6 2 - 0 . 6 9 ,   CHCl3:MeOH  ( 9 5 : 5 ) ,  

s i l i c a   g e l ;   H P L C : Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,  

CH3CN:H20  ( 5 0 : 5 0 ) ,   f l o w   r a t e   =  2 .5   m l / m i n . ,   tR  =  6 . 1 1  

and   6 . 2 1 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C28H32F3N3O5 :   C,  6 1 . 4 1 ;   H,  5 . 8 4 ;   N,  7 . 6 7  

F o u n d :   C,  6 1 . 5 3 ;   H,  5 . 8 2 ;   N,  7 . 6 7  



E x a m p l e   23  

3 ( R S ) - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - n o r l e u c -  

y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e  

a.  N - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - n o r l e u -  

c i n e .  

A  s o l u t i o n   of   IN  s o d i u m   h y d r o x i d e   (100  m l ,  

100  mmol)  was  a d d e d   d r o p w i s e   to  a  v i g o r o u s l y   s t i r r e d  

m i x t u r e   of  L - n o r l e u c i n e   ( 6 . 5 5   g,  50  mmol)  and  m e t h y l -  

ene   c h l o r i d e   (250  ml)  a t   0°C  u n d e r   n i t r o g e n .   3 - C a r b o -  

m e t h o x y p r o p i o n y l   c h l o r i d e   ( 7 . 5 2   g,  50  mmol)  was  a d d e d  

d r o p w i s e .   The  r e s u l t a n t   r e a c t i o n   m i x t u r e   was  s t i r r e d  

a t   0°C  f o r   15  m i n .   The  c o o l i n g   b a t h   was  r e m o v e d   a n d  

w a t e r   (100  ml)   was  a d d e d .   The  pH  was  a d j u s t e d   to  1 

w i t h   3N  a q u e o u s   HC1.  E t h y l   a c e t a t e   (200  ml)  was  a d d e d  

and   t h e   o r g a n i c   l a y e r   was  s e p a r a t e d .   The  a q u e o u s  

l a y e r   was  e x t r a c t e d   w i t h   e t h y l   a c e t a t e   and  t h e   o r g a n i c  

l a y e r s   w e r e   c o m b i n e d ,   w a s h e d   w i t h   b r i n e   and  d r i e d  

o v e r   Na2SO4.   The  s o l u t i o n   was  f i l t e r e d .   The  s o l v e n t  

was  r e m o v e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t  

( 1 0 . 7 3   g ) .   A  p o r t i o n   of   t h e   c r u d e   p r o d u c t   ( 6 . 4 7   g ,  
2 6 . 4   mmol)  was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

s i l i c a   g e l ,   CHCl3 :MeOH,   ( 9 7 : 3 )   to  g i v e   t h e   p r o d u c t  

( 5 . 3 1   g ) ;   TLC,  R f = 0 . 4 5 ,   s i l i c a   g e l ,   C H C l 3 : M e O H : A c O H  
( 9 5 : 4 . 7 5 : 0 . 2 5 ) .  



b.  2 ( R S ) , 3 ( S R ) - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] -  

L - n o r l e u c y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u -  

o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

D i c y c l o h e x y l c a r b o d i i m i d e   ( 3 . 4 6   g,  1 6 . 8   m m o l )  

was  a d d e d   to  a  p r e - c o o l e d   (0 °C)   s o l u t i o n   of   a  p r o d u c t  

made  u s i n g   t h e   p r o c e d u r e   of  E x a m p l e   3d  ( 5 . 6 0   g,  1 5 . 3  

m m o l ) ,   t h e   p r o d u c t   of   E x a m p l e   23a  ( 3 . 7 5   g,  1 5 . 3   m m o l )  

and  1 - h y d r o x y b e n z o t r i a z o l e   ( 4 . 1 3   g,  3 0 . 6   mmol)   in   THF 

(70  m l ) .   The  r e s u l t i n g   s o l u t i o n   was  a l l o w e d   to  w a r m  

s l o w l y   to  room  t e m p e r a t u r e   and   s t i r r e d   o v e r n i g h t .   T h e  

r e a c t i o n   was  f i l t e r e d   and   c o n c e n t r a t e d   u n d e r   v a c u u m .  

The  r e s i d u e   was  d i l u t e d   w i t h   EtOAc  and   t h e   r e s u l t i n g  

s o l u t i o n   w a s h e d   w i t h   s a t u r a t e d   a q u e o u s   NaHC03  a n d  

b r i n e ,   d r i e d   o v e r   Na2SO4,   f i l t e r e d   and   c o n c e n t r a t e d  

u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t .   The  p r o d u c t  

was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  a  c o l u m n   o f  

s i l i c a   g e l   u s i n g   as  e l u e n t   a  g r a d i e n t   of  Et2O  ( 1 0 0 % ) ,  

E t 2 O : E t O A c   ( 9 0 : 1 0 ) ,   E t 2 O : E t O A c   ( 7 5 : 2 5 ) ,   E t 2 O : E t O A c  

( 5 0 : 5 0 )   t o  g i v e   t h e   p r o d u c t   ( 5 . 6   g ) ;   TLC,  R f = 0 . 4 5 ,  

s i l i c a . g e l ,   MeOH:CHCl3  ( 1 : 9 ) .  

c.  3 ( R S ) - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L - n o r -  

l e u c y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 2 7 . 0   ml ,   0 . 3 7 8   mol )   i n  

CH2C12  (27  ml)   was  a d d e d   s l o w l y   to  a  p r e - c o o l e d  

( - 6 5 ° C )   s o l u t i o n   of  o x a l y l   c h l o r i d e   ( 1 6 . 5   m l ,   0 . 1 8 9  

mol )   in   CH2C12  (350  m l ) .   The  r e s u l t i n g   s o l u t i o n   w a s  
s t i r r e d   f o r   15  min .   and  a  s o l u t i o n   of   t h e   p r o d u c t   o f  



E x a m p l e   23b  ( 5 . 6 0   g,  0 . 0 0 9 4 3   mol)   in   CH2C12  (250  m l )  

was  a d d e d .   The  r e a c t i o n   was  s t i r r e d   f o r   1  h r .   a t  

- 6 5 ° C   and  d i i s o p r o p y l e t h y l a m i n e   ( 6 7 . 0   ml ,   0 . 3 7 8   m o l )  

was  a d d e d   d r o p w i s e .   The  r e a c t i o n   was  a l l o w e d   to  w a r m  

to  room  t e m p e r a t u r e   and  was  t h e n   w a s h e d   w i t h   I N  

a q u e o u s   HC1  and  b r i n e ,   d r i e d   o v e r   Na2SO4,   f i l t e r e d   a n d  

c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t .  

The  c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

on  a  c o l u m n   of   s i l i c a   g e l   e l u t i n g   w i t h   a  s t e p w i s e  

g r a d i e n t   of   E t 2 0   ( 1 0 0 % ) ,   E t 2 O : E t O A c   ( 5 0 : 5 0 ) ,   E t O A c  

(100%)  to  g i v e   a  p a r t i a l l y   p u r i f i e d   p r o d u c t   w h i c h   w a s  

f u r t h e r   p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l  

e l u t i n g   w i t h   a  s t e p w i s e   g r a d i e n t   of  CHC13  ( 1 0 0 % ) ,  

MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 )   and  MeOH:CHC13  ( 5 : 9 5 )   to  g i v e  

t h e   f i n a l   p r o d u c t   ( 3 . 2 4   g ) ;   HPLC,  tR  =  6 . 8 0   and  1 2 . 9 8 ,  

Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   H2O:CH3CN  ( 6 5 : 3 5 ) ,  

f l o w   r a t e   =  2  m l / m i n .  

E x a m p l e   24 

3 ( R S ) - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - L - n o r l e u c y l - L - v a l y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e  

IN  a q u e o u s   NaOH  ( 9 . 5   ml)  was  a d d e d   to  a  

s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   23c  ( 2 . 6 0   g,  4 . 3 9  

mmol)  in   MeOH  (95  m l ) .   The  r e a c t i o n   was  s t i r r e d  

o v e r n i g h t   a t   room  t e m p e r a t u r e   and  IN  a q u e o u s   HC1  ( 1 0 . 5  

ml)   was  a d d e d .   The  r e a c t i o n   was  c o n c e n t r a t e d   u n d e r  

v a c u u m   and  H20  (35  ml)  was  a d d e d .   The  s u s p e n s i o n   w a s  

e x t r a c t e d   w i t h   EtOAc  and  t h e   o r g a n i c   l a y e r   was  w a s h e d  



w i t h   b r i n e ,   d r i e d   o v e r   Na2SO4,   f i l t e r e d   and  c o n c e n t r a -  

t e d   u n d e r   v a c u u m   to  g i v e   t h e   p r o d u c t   ( 2 . 1   g ) .   HPLC,  

tR  =  1 2 . 6 3   and   1 9 . 0 5 ,   Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,  

H2O:CH3CN  ( 6 5 : 3 5 ) ,   f l o w   r a t e   =  0 .5   m l / m i n .  

E x a m p l e   25  

3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - a l p h a - g l u t a m y l - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   p h e n y l m e t h y l   e s t e r  

a.  2 ( R S ) , 3 ( S R ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - a l p h a -  

g l u t a m y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y p e n t y l ) ] - L - p r o l i n a m i d e   p h e n y l m e t h y l   e s t e r .  

I s o b u t y l c h l o r o f o r m a t e   ( 0 . 5 3   ml ,   4 . 1   m m o l )  

was  a d d e d  t o   a  p r e - c o o l e d   ( - 1 5 ° C )   s o l u t i o n   of   N - b e n z -  

y l o x y c a r b o n y l - L - g l u t a m i c   a c i d - a - b e n z y l   e s t e r   ( 1 . 5 2   g ,  
4 .1   mmol)  and   N - m e t h y l m o r p h o l i n e   ( 0 . 4 5   ml ,   4 .1   m m o l )  

in   THF  (30  m l ) .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r  

10  m i n .   and   t h e n   c o o l e d   to  - 4 0 ° C .   A  s o l u t i o n   o f   t h e  

p r o d u c t   of   E x a m p l e   3d  ( 1 . 5   g,  4 . 1   mmol)   in   THF  (30  m l )  

was  a d d e d   d r o p w i s e   and   t h e   r e a c t i o n   was  s t i r r e d   o v e r -  

n i g h t   and  a l l o w e d   to  warm  s l o w l y   to  room  t e m p e r a t u r e .  
The  r e a c t i o n   was  f i l t e r e d   and  c o n c e n t r a t e d   u n d e r  

v a c u u m .   The  r e s i d u e   was  t a k e n   up  in   E tOAc ,   w a s h e d  

w i t h   1N  a q u e o u s   HC1  and   b r i n e ,   d r i e d   o v e r   N a 2 S 0 4 ,   f i l -  

t e r e d   and  c o n c e n t r a t e d   to  g i v e   t h e   c r u d e   p r o d u c t .   T h e  

p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  a  

c o l u m n   of   s i l i c a   g e l   u s i n g   as  e l u a n t   a  g r a d i e n t   o f  

CHC13  ( 1 0 0 % ) ,   MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 )   and  M e O H : C H C l 3  



( 5 : 9 5 )   to  g i v e   t h e   p r o d u c t   ( 2 . 1 3   g ) ;   TLC,  R f = 0 . 4 3 ,  
s i l i c a   g e l ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

b.   3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - a l p h a - g l u t a m y l -  

L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e   p h e n y l m e t h y l   e s t e r .  

A  s o l u t i o n   of  DMSO  ( 8 . 4 0   ml ,   0 . 1 1 8   mol)   i n  

CH2Cl2  (8  ml)  was  a d d e d   c a r e f u l l y   to  a  p r e - c o o l e d  

( - 6 5 ° C )   s o l u t i o n   of   o x a l y l   c h l o r i d e   ( 5 . 2   ml ,   0 . 0 5 9  

mol )   in   CH2Cl2  (100  m l ) .   The  s o l u t i o n   was  s t i r r e d   f o r  

15  m i n .   and   a  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   2 5 a  

( 2 . 1 3   g,  2 . 9 6   mmol)  in   CH2Cl2  (100  ml)   was  a d d e d  

d r o p w i s e .   The  r e a c t i o n   was  s t i r r e d   f o r   1  h r   a t   - 6 0 ° C  

and  N , N - d i i s o p r o p y l e t h y l a m i n e   ( 2 0 . 9   ml ,   0 . 1 1 8   m o l )  

was  a d d e d   d r o p w i s e .   The  r e a c t i o n   was  a l l o w e d   to  w a r m  

to  room  t e m p e r a t u r e ,   w a s h e d   w i t h   1N  a q u e o u s   HC1  a n d  

b r i n e ,   d r i e d   o v e r   Na2SO4,   f i l t e r e d   and  c o n c e n t r a t e d   t o  

g i v e   t h e   c r u d e   p r o d u c t .   The  p r o d u c t   was  p a r t i a l l y  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  a  c o l u m n   of   s i l i c a  

g e l   u s i n g   as  e l u a n t   a  s t e p w i s e   g r a d i e n t   of  E t 2 O  
( 1 0 0 % ) ,   E t 2 O : E t O A c   ( 5 0 : 5 0 )   and  EtOAc  ( 1 0 0 % ) .   The  p r o -  
d u c t   was  f i n a l l y   p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  a  

c o l u m n   of  s i l i c a   g e l   u s i n g   as  e l u a n t   a  s t e p w i s e   g r a d i -  

e n t   of  CHCl3  ( 1 0 0 % ) ,   MeOH:CHC13  ( 1 : 9 9 ) ,   MeOH:CHC13 
( 2 : 9 8 ) ,   MeOH:CHC13  ( 3 : 9 7 )   and  MeOH:CHCl3  ( 5 : 9 5 )   t o  

g i v e   t h e   p r o d u c t   ( 1 . 3 5   g ) ;   HPLC,  tR  =  7 .2   and  1 1 . 5 ,  

Z o r b a x ®   ODS  a n a l y t i c a l   c o l u m n ,   H2O:CH3CN  ( 5 0 : 5 0 ) ,   f l o w  

r a t e   =  2  m l / m i n .  



E x a m p l e   26  

3 ( R S ) - N 2 - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - N 6 - [ ( p h e n -  

y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l -  

1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

a.  N 2 - [ ( 2 - M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - N 6 - p h e n y l -  

m e t h o x y c a r b o n y l   l y s i n e .  

1N  a q u e o u s   NaOH  (43  ml)   was  a d d e d   to  a  

p r e - c o o l e d   (0 °C)   s o l u t i o n   of   N - b e n z y l o x y c a r b o n y l - L -  

l y s i n e   ( 6 . 0 6   g,  0 . 0 2 1 6   mol )   in   CH2Cl2  (160  m l ) .   T h e  

r e a c t i o n   was  v i g o r o u s l y   s t i r r e d   and   3 - c a r b o m e t h o x y p r o -  

p i o n y l   c h l o r i d e   ( 2 . 6 6   ml ,   0 . 0 2 1 6   mol )   was  a d d e d .   T h e  

r e a c t i o n  w a s   v i g o r o u s l y   s t i r r e d   f o r   15  min  a t   0 ° C .  

W a t e r   (100  m l ) ,   1N  a q u e o u s   HC1  (25  ml)  and  EtOAc  ( 5 0 0  

ml)  w e r e   a d d e d   s u c c e s s i v e l y   and  t h e   l a y e r s   w e r e  

s e p a r a t e d .   The  o r g a n i c   l a y e r   was  w a s h e d   w i t h   b r i n e ,  

d r i e d   o v e r   Na2SO4,   f i l t e r e d   and  c o n c e n t r a t e d   to  g i v e  
t h e   p r o d u c t   ( 6 . 7 8   g ) .   The  p r o d u c t   was  u s e d   w i t h o u t  

f u r t h e r   p u r i f i c a t i o n .  

b.  2 ( R S ) , 3 ( S R ) - N 2 - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] -  

N  - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y p e n t y l ) ] - L - p r o l i n -  

a m i d e .  

DCC  ( 2 . 8 5   g,  1 3 . 9   m m o l )  w a s   a d d e d   to  a  

m i x t u r e   of   a  p r o d u c t   made  u s i n g   t h e   p r o c e d u r e   o f  

E x a m p l e   3d  ( 4 . 6 3   g,  1 2 . 6   m m o l ) ,   t h e   p r o d u c t   of   E x a m p l e  

26a  ( 5 . 0 0   g,  1 2 . 6   m m o l ) ,   and  HOBT  ( 3 . 7 6   g,  2 7 . 8   m m o l )  



in   THF  (65  ml)  p r e - c o o l e d   to  0°C.   The  m i x t u r e   w a s  

s t i r r e d   a t   0°C  f o r   1  h r . ,   w a r m e d   to  room  t e m p e r a t u r e  
and   s t i r r e d   o v e r n i g h t .   The  s o l v e n t   was  r e m o v e d   u n d e r  

v a c u u m ,   t h e   r e s i d u e   d i l u t e d   w i t h   EtOAc  and  w a s h e d  

s u c c e s s i v e l y   w i t h   s a t u r a t e d   NaHC03  and  b r i n e .   T h e  

o r g a n i c   p h a s e   was  d r i e d   o v e r   s o l i d   K 2 C O 3 : N a 2 S O 4  
( 1 0 : 9 0 ) ,   f i l t e r e d ,   and  t h e   s o l v e n t   r e m o v e d   u n d e r  

v a c u u m   to  g i v e   t he   c r u d e   p r o d u c t .   P u r i f i c a t i o n   b y  

f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   w i t h   an  e l u e n t   o f  

MeOH:CHCl3  ( 1 : 9 9 )   g a v e   t h e   p r o d u c t   ( 6 . 2 2   g)  as  a  w h i t e  

f o a m ;   TLC,  R f = 0 . 4 0 ,   s i l i c a   g e l ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

c.  3 ( R S ) - N 2 - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - N 6 -  

[ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - L - v a l y l - N - [ 3 - ( 4 -  

m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 1 5 . 9   g,  100  mmol)  in   d r y  

C H 2 C l 2  ( 5 0   ml)   was  a d d e d   d r o p w i s e   to  a  s t i r r e d   s o l u -  

t i o n   of   o x a l y l   c h l o r i d e   ( 8 . 8   ml ,   200  mmol)  in   d r y  

CH2Cl2  (150  ml)  c o o l e d   to  - 4 3 ° C   u n d e r   n i t r o g e n .   A 

s o l u t i o n   of  t h e   p r o d u c t   of  E x a m p l e   26b  ( 6 . 2 2   g,  8 . 3 7  

mmol)  in   CH2Cl2  (60  ml)   was  a d d e d   in   t h e   same  m a n n e r .  
The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   - 2 0 ° C   f o r   1  h r   a n d  

TEA  (70  ml ,   400  mmol)  was  a d d e d   d r o p w i s e .   The  m i x t u r e  

was  a l l o w e d   to  s l o w l y   warm  to  room  t e m p e r a t u r e ,  

s t i r r e d   f o r   an  a d d i t i o n a l   1  h r   and  t h e n   d i l u t e d   w i t h  

C H 2 C l 2 ,   w a s h e d   w i t h   5%  a q u e o u s   NaOCl ,   d r i e d   o v e r   s o l i d  

K2CO3:Na2SO4   ( 1 0 : 9 0 )   f i l t e r e d   and  t h e   s o l v e n t   r e m o v e d  

u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t .   P u r i f i c a t i o n  

by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   w i t h   an  e l u e n t  

of  MeOH:CHC13  ( 1 : 9 9 )   g a v e   t h e   p r o d u c t   ( 4 . 5   g)  as  a  



l i g h t   y e l l o w   foam;   TLC,  R f = 0 . 5 1 ,   s i l i c a   g e l ,   MeOH: 

CHC13  ( 1 : 9 ) ;   HPLC,  tR  =  6 . 9 9   and  1 2 . 0 1 ,   f l o w   r a t e   =  1 

m l / m i n ,   Zo rbax®  ODS  a n a l y t i c a l   c o l u m n ,   H 2 0 : C H 3 C N : T F A  
( 5 0 : 5 0 : 0 . 1 ) .  

E x a m p l e   2 7  

3 ( R S ) - N 2 - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - N 6 - ( ( p h e n y l m e t h -  

o x y ) c a r b o n y l ] - L - l y s y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 -  

t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

A  s o l u t i o n   of   t h e   p r o d u c t   o f   E x a m p l e   2 6 c  

( 2 . 0   g,  2 . 7   mmol)  in   MeOH  (60  ml)  and   IN  NaOH  ( 5 . 4   m l ,  

5 . 4   mmol)  was  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   12  h r .  

and  t h e n   t a k e n   to   pH  7  w i t h   IN  a q u e o u s   HCl  ( 6 . 0   m l ,  

6 . 0   m m o l ) .   The  MeOH  was  r e m o v e d   u n d e r   v a c u u m ;   t h e  

r e s u l t i n g   r e s i d u e   was  d i s s o l v e d   in   E tOAc ,   w a s h e d   w i t h  

b r i n e ,   d r i e d   o v e r   MgS04,   f i l t e r e d   and   t h e   s o l v e n t   r e -  

moved   u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t .   P u r i f i -  

c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   (pH  5 . 5 ,  

E a k e r ® )   w i t h   c h l o r o f o r m   g a v e   t h e   p r o d u c t   ( 1 . 7   g)  as  a  
w h i t e   f oam;   HPLC,  tR  =  4 . 0 6   and  5 . 5 6 ,   f l o w   r a t e   =  1 

m l / m i n ,   Z o r b a x   ODS  a n a l y t i c a l   c o l u m n ,   H 2 0 : C H 3 C N : T F A  
( 5 0 : 5 0 : 0 . 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 4 H 4 8 N 5 O 9 F 3 . 1 . 7 5   H20:  C,  5 3 . 7 8 ;   H,  6 . 8 3 ;   N,  9 . 2 2  

F o u n d :   C,  5 3 . 4 6 ;   H,  6 . 3 9 ;   N,  9 . 0 3  



E x a m p l e   28  

3 S ( o r R ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - l , l , l - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e  

a.  2 ( R S ) , 3 ( S R ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L -  

l y s y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y p e n t y l ) ] - L - p r o l i n a m i d e .  

DCC  ( 0 . 9 3   g,  4 . 4 9   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   of   N 2 - , N 6 - b e n z y l o x y c a r b o n y l - L - l y s i n e  

( 1 . 6 9   g,  4 . 0 8   m m o l ) ,   a  p r o d u c t   made  u s i n g   t h e   p r o c e -  
d u r e   of   E x a m p l e   3d  ( 1 . 5 0   g,  4 . 0 8   m m o l ) ,   1 - h y d r o x y b e n -  

z o t r i a z o l e   ( 1 . 1 0   g,  8 . 1 6   mmol)  and  dry   THF  (75  ml)  a t  

0°C  u n d e r   n i t r o g e n .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d  

a t   0°C  f o r   1  h r . ,   t h e n   was  a l l o w e d   to  warm  to  r o o m  

t e m p e r a t u r e   and  was  s t i r r e d   o v e r n i g h t .   The  r e a c t i o n  

m i x t u r e   was  f i l t e r e d .   The  f i l t r a t e   was  e v a p o r a t e d  

u n d e r   v a c u u m .   The  r e s i d u e   was  d i s s o l v e d   in  CHC13  a n d  

t h e   s o l u t i o n   was  w a s h e d   w i t h   IN  a q u e o u s   HC1  and  b r i n e  

and  was  d r i e d   o v e r   N a 2 S 0 4 .   The  Na2SO4  was  f i l t e r e d  

and  t h e   f i l t r a t e   was  c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e  

t h e   c r u d e   p r o d u c t   ( 3 . 9 4   g)  w h i c h   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   on  s i l i c a   g e l ,   CHCl3:MeOH  ( 9 5 : 5 ) ,   t o  

g i v e   2 . 4 8   g  of   p r o d u c t ;   TLC,  R f = 0 . 3 6 - 0 . 5 6 ,   C H C I 3 : M e O H  
( 9 5 : 5 ) ,   s i l i c a   g e l ;   HPLC,  Z o r b a x ®   ODS  a n a l y t i c a l  

c o l u m n ,   f l o w   r a t e   =  1 .5   m l / m i n ,   CH3CN:H20  ( 5 0 : 5 0 ) ;  

tR  =  1 8 . 3 3 ,   1 4 . 9 9 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 3 H 4 1 F 3 N 4 O 7 :   C,  5 9 . 0 1 ;   H,  6 . 2 4 ;   N,  8 . 4 5  

F o u n d :   C,  5 8 . 8 9 ;   H,  6 . 3 3 ;   N,  7 . 8 9  



b.  3 S ( o r R ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l -  

L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e .  

A  s o l u t i o n   of   DMSO  ( 2 . 8   g,  3 6 . 1 3   mmol)  a n d  

d r y   CH2C12  (40  ml)   was  a d d e d   to  a  s t i r r e d   s o l u t i o n   o f  

o x a l y l   c h l o r i d e   and  d r y   CH2C12  (40  ml)  a t   - 6 0 ° C   u n d e r  

n i t r o g e n .   Then   a  s o l u t i o n   of   t h e   p r o d u c t   o f   E x a m p l e  

2 8 a ,   ( 2 . 3 0   g,  3 . 0 1   mmol)  and  d r y   CH2Cl2  (40  ml)  w a s  

a d d e d   to  t h e   r e a c t i o n   m i x t u r e   a t   - 5 0 ° C .   The  r e s u l t a n t  

r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   - 6 0 ° C   f o r   1  h r .   T r i -  

e t h y l a m i n e   ( 7 . 2 9 0   g,  7 2 . 2 6   mmol)   was  a d d e d   and  t h e  

r e a c t i o n   was  a l l o w e d   to  warm  to  room  t e m p e r a t u r e .   T h e  

m i x t u r e   was  w a s h e d   t w i c e   w i t h   IN  a q u e o u s   HCl ,   t h e n  

b r i n e   and  was  d r i e d   o v e r   Na2SO4.   The  Na2SO4  was  f i l -  

t e r e d   and   t h e   f i l t r a t e   was  c o n c e n t r a t e d   u n d e r   v a c u u m  

to  g i v e   t h e   c r u d e   p r o d u c t   ( 2 . 6 7   g ) .   The  p r o d u c t   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  s i l i c a   g e l   w i t h   a n  

e l u e n t   of   CHCl3:MeOH  ( 9 7 : 3 )   to   a f f o r d   64  mg  of   p r o d -  

u c t ;   TLC,  R f = 0 . 6 ,   CHCl3:MeOH  ( 9 5 : 5 ) ;   HPLC,  Z o r b a x ®   ODS 

a n a l y t i c a l   c o l u m n ,   CH3CN:H2O  ( 6 0 : 4 0 ) ,   f l o w   r a t e   =  1 . 5  

m l / m i n ,   tR  =  5 . 2 9 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 8 H 5 0 F 3 N 5 O 8 . H 2 O :   C,  5 8 . 5 3 ;   H,  6 . 7 2 ;   N,  8 . 9 8  

F o u n d :   C,  5 8 . 9 5 ;   H,  6 . 5 9 ;   N,  8 . 7 4  

E x a m p l e   2 9  

3 ( R S ) - l - ( 1 2 - M e t h o x y - 1 2 - o x o d o d e c y l o x y ) c a r b o n y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = C H 3 0 C 0 ( C H 2 ) 1 1 ,   A=OCO, 

n = 1 )  



a.  M e t h y l   1 2 - h y d r o x y d o d e c a n o a t e .  

A  m i x t u r e   of   1 - h y d r o x y d o d e c a n o i c   a c i d   ( 4 . 0  

g,  1 8 . 5   m m o l ) ,   MeOH  (450  m l ) ,   conc   H2SO4  ( 2 . 5   m l ) ,   a n d  

3A  m o l e c u l a r   s i e v e s   (3  ml)  was  s t i r r e d   a t   r e f l u x   f o r  

16  h r .   The  m i x t u r e   was  n e u t r a l i z e d   w i t h   s a t d   a q  

NaHCO3,  c o n c e n t r a t e d   u n d e r   v a c u u m ,   and  p a r t i t i o n e d  

b e t w e e n   E t 2 0   and  w a t e r .   The  e t h e r e a l   s o l u t i o n   w a s  

w a s h e d   ( w a t e r ,   s a t ' d   aq  NaHCO3,  b r i n e ) ,   d r i e d  

( N a 2 S O 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m   t o  

g i v e   t h e   p r o d u c t   ( 3 . 9 4   g)  as  a  w h i t e   s o l i d ;   NMR 

(DMSO-d6)   δ 8 3 . 6 5   ( 3 H , s ) ;   1 . 7 - 1 . 0   ( 2 2 H , m ) .  

b.  1 1 - M e t h o x y c a r b o n y l u n d e c y l   4 - n i t r o p h e n y l   c a r b o n a t e .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   7a ,   t h e   p r o d u c t  

of   E x a m p l e   29a  was  c o n v e r t e d   i n t o   t h e   t i t l e   c o m p o u n d  

and  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   ( E t O A c : h e x a n e  

( 1 : 9 ) )   to  o b t a i n   t h e   t i t l e   c o m p o u n d   in   59%  y i e l d ;   T L C ,  

R f = 0 . 2 0 ,   E t O A c : h e x a n e   ( 1 : 9 ) .  

c.  2 ( R S ) , 3 ( S R ) - l - ( 1 2 - M e t h o x y - 1 2 - o x o d o d e c y l o x y ) c a r b o n -  

y l - N - ( 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 3 = C H 3 O C O ( C H 2 ) 1 1 ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   7b,  t h e   p r o d u c t  

of   E x a m p l e   29b  was  a l l o w e d   to  r e a c t   w i t h   m a t e r i a l   p r e -  

p a r e d   u s i n g   t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e : h e x a n e  



( 3 : 7 ) ) ,   t h e   t i t l e   p r o d u c t   (45%) ;   HPLC,  t R = 4 . 4 3 ,   Col  A ,  

C H 3 C N : H 2 O ( 3 5 : 6 5 ) ,   F R = 2 . 0 .  

d.  3 ( R S ) - l - ( 1 2 - M e t h o x y - 1 2 - o x o d o d e c y l o x y ) c a r b o n y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

C H 3 O C O ( C H 2 ) 1 1 ,   A=OCO,  n = l ) .  

To  t h e   p r o d u c t   of   E x a m p l e   29c  ( 1 . 1   mmol)  w a s  

a d d e d   DMSO (65   ml)   and  Ac2O  (50  m m o l ) .   The  r e s u l t i n g  

s o l u t i o n   was  s t i r r e d   18  h r   a t   room  t e m p e r a t u r e   a n d  

d i l u t e d   w i t h   E t 2 O .   The  o r g a n i c   s o l u t i o n   was  w a s h e d  

( s a t d   aq  NaHCO3  ( 3 x ) ,   w a t e r ,   and   b r i n e ) ,   d r i e d  

( N a 2 S O 4 ) ,   f i l t e r e d ,   c o n c e n t r a t e d   u n d e r   v a c u u m ,   a n d  

p u r i f i e d ' b y   f l a s h   c h r o m a t o g r a p h y   ( E t 2 O : h e x a n e   ( 1 : 1 ) )  

to   a f f o r d   t h e   t i t l e   p r o d u c t   ( 1 0 0 % ) ;   HPLC,  t R = 1 2 . 7 3 ,  
Col   A,  CH3CN:H2O  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 2 8 F 3 N 3 O 5 . 0 . 4 H 2 O :   C,  5 5 . 9 1 ;   H,  8 . 0 0 ;   N,  5 . 2 1  

F o u n d :   C,  5 6 . 0 5 ;   H,  8 . 0 0 ;   N,  5 . 1 9  

E x a m p l e   3 0  

3 ( R S ) - 1 - ( 1 2 - H y d r o x y - 1 2 - o x o d o d e c y l o x y ) c a r b o n y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  R 3 = H O C O ( C H 2 ) 1 1 ,   A=OCO, 

n = 1 )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14  t h e   p r o d u c t  

of   E x a m p l e   29d  was  c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t ,  

p u r i f i e d   by  f l a s h   c h r o m o t o g r a p h y   ( E t O A c : h e x a n e   ( 1 : 1 ) )  



and  o b t a i n e d   in   10%  y i e l d ;   HPLC,  t R  = 4 . 5 5 ,   Col  A ,  

CH3CN:H20  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 9 F 3 N 2 O 6 . 0 . 1 H 2 O :   C,  5 6 . 4 8 ;   H,  7 . 7 4 ;   N,  5 . 4 9  

F o u n d :   C,  5 6 . 4 8 ;   H,  7 . 9 6 ;   N,  5 . 2 3  

E x a m p l e   31  

3 ( R S ) - 1 - [ 1 - O x o - 5 - ( p h e n y l m e t h o x y c a r b o n y l a m i n o ) p e n t y l ] -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ C H 2 O C O N H ( C H 2 ) 4 ,  

A=CO,  n = l )  

a.  5 - ( P h e n y l m e t h o x y c a r b o n y l a m i n o ) v a l e r i c   a c i d .  

To  a  s t i r r e d ,   c o o l e d   s o l u t i o n   ( 0 ° )   of   5 -  

a m i n o   v a l e r i c   a c i d   ( 5 . 0 0   g,  4 2 . 6 8   mmol)  and  2N  NaOH 

( 3 2 . 0   ml ,   3 2 . 0   mmol)  was  a d d e d   s i m u l t a n e o u s l y   b e n z y l  

c h l o r o f o r m a t e   ( 7 . 6 5   g,  6 . 4 0   ml ,   4 4 . 8 1   mmol)  and  2N 

NaOH  ( 3 2 . 0   ml ,   3 2 . 0   m m o l ) .   A f t e r   s t i r r i n g   a t   0°  f o r  

0 .5   h r ,   t h e   s o l u t i o n   was  w a s h e d   w i t h   E t 2 0 .   The  E t 2 0  
l a y e r   was  a c i d i f i e d   to  pH  2 .0   w i t h   6N  HC1,  r e s u l t i n g  .  

in   t h e   p r o d u c t ' s   p r e c i p i t a t i n g   ou t   of  s o l u t i o n .   T h e  

t i t l e   c o m p o u n d   was  f i l t e r e d ,   w a s h e d   (H20)  and  d r i e d  

( v a c u u m   o v e n )   to  g i v e   t h e   p u r e   p r o d u c t   as  a  w h i t e  

s o l i d   ( 8 . 5 5   g,  8 0 . 0 % ) ,   mp  1 0 4 - 1 0 5 ° ;   TLC,  R f = 0 . 4 8 ,  

M e O H : C H C l 3 : A c O H   ( 3 : 9 7 : 0 . 1 ) .  



b.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 - O x o - 5 - ( p h e n y l m e t h o x y c a r b o n y l -  

a m i n o ) p e n t y l ] - N - [ 3 - ( I , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R1=  

CH(CH3)CH3,   R3=OCH2OCONH(CH2)4 ,   A=CO,  n = l ) .  

To  a  s t i r r e d ,   c o o l e d   s o l u t i o n   ( 0 ° )   of   t h e  

p r o d u c t   of   E x a m p l e   31a   ( 0 . 4 7   g,  1 . 8 6   m m o l ) ,   HOBT  ( 0 . 5 0  

g,  3 . 7 2   m m o l ) ,   and  DCC  ( 0 . 4 0   g,  1 . 9 5   mmol)  i n   CHC13 

(50  ml)   was  a d d e d   p r o d u c t   p r e p a r e d   u s i n g   t h e   m e t h o d   o f  

E x a m p l e   2b  ( 0 . 5 0   g,  1 . 8 6   m m o l ) .   A f t e r   t h e   r e a c t i o n  

m i x t u r e   h a d   s t i r r e d   o v e r n i g h t   a t   room  t e m p e r a t u r e ,   i t  

was  f i l t e r e d   and  c o n c e n t r a t e d   to   a f f o r d   a  s y r u p   w h i c h  

was  p a r t i a l l y   d i s s o l v e d   in   E tOAc .   The  i n s o l u b l e   m a t e -  

r i a l   was  f i l t e r e d   f r o m   t h e   EtOAc  s o l u t i o n   b e f o r e   i t  

was  w a s h e d   ( s a t d   aq  NaHCO3,  5%  aq  c i t r i c   a c i d ,   a n d  

b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   and   c o n c e n t r a t e d   to   a  m i x t u r e  

w h i c h   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   ( M e O H : C H C l 3  
( 4 : 9 6 ) )   to   g i v e   t h e   t i t l e   p r o d u c t   as  a  w h i t e   f o a m  

( 0 . 7 8   g,  84%);   TLC,  R f = 0 . 4 ,   MeOH:CHC13  ( 4 : 9 4 ) .  

c.  3 ( R S ) - 1 - [ 1 - O x o - 5 - ( p h e n y l m e t h o x y c a r b o n y l a m i n o ) -  

p e n t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R3=φCH2OCONH(CH2)4 ,   A=CO,  n = 1 ) .  

To  t h e   p r o d u c t   of  E x a m p l e   31b  (1  mmol)   w a s  

a d d e d   DMSO  (85  mmol)  and  Ac2O  (64  m m o l ) .   The  r e s u l t -  

i n g   s o l u t i o n   was  s t i r r e d   f o r   18  h r   a t   room  t e m p e r a -  

t u r e ,   p o u r e d   i n t o   i c e   w a t e r   (50  ml)  and  s t i r r e d   f o r   1 

to  4  h r .   The  c r u d e   p r o d u c t   was  e x t r a c t e d   i n t o   E t O A c ;  

and  t h e   EtOAc  s o l u t i o n   was  w a s h e d   ( s a t d   aq  NaHCO3,  



b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d  

u n d e r   v a c u u m   b e f o r e   t h e   p r o d u c t   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   (CHCl3:MeOH  ( 9 7 : 3 ) )   to  a f f o r d   t h e   p r o -  
d u c t   ( 58%) ;   HPLC,  t R = 6 . 5 6  &   7 . 7 9 ,   Col  A,  H2O:CH3CN 
( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 2 F 3 N 3 O 5 . 1 . 5 H 2 O :   C,  5 4 . 7 4 ;   H,  6 . 6 9 ;   N,  7 . 9 8  

F o u n d :   C,  5 4 . 8 7 ;   H,  6 . 2 0 ;   N,  8 . 0 2  

E x a m p l e   3 2  

3 ( R S ) - 1 - ( 1 - O x o - 4 - p h e n o x y b u t y l ) - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R1= 

CH(CH3)CH3,   R 3 = φ 0 ( C H 2 ) 3 ,   A=C0,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - 1 - ( 1 - O x o - 4 - p h e n o x y b u t y l ) - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ 0 ( C H 2 ) 3 ,   A=CO, 

n = 1 ) .  

To  a  0 . 2 5   M  s o l u t i o n   of  4 - p h e n o x y b u t a n o i c  

a c i d   in   THF  was  a d d e d   a  m o l a r   e q u i v a l e n t   a m o u n t   of  CDI, 

in   one  p o r t i o n .   A f t e r   t h e   r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   f o r   1  h r   a t   room  t e m p e r a t u r e ,   an  m o l a r   e q u i v a -  

l e n t   a m o u n t   of  p r o d u c t   p r e p a r e d   u s i n g   t h e   m e t h o d   o f  

E x a m p l e   2b  was  a d d e d   in   one  p o r t i o n .   A f t e r   t h e   r e -  

a c t i o n   was  s t i r r e d   o v e r n i g h t ,   e x c e s s   s a t d   aq  NaHC03 

was  a d d e d ;   and  t h e   m i x t u r e   was  e x t r a c t e d   w i t h   E t O A c .  

The  EtOAc  e x t r a c t s   w e r e   w a s h e d   ( i n   HCl ,   b r i n e ) ,   d r i e d  

( M g S 0 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m   t o  



a f f o r d   t h e   t i t l e   p r o d u c t   ( 88%) ;   TLC,  R f = 0 . 5 3   &  0 . 6 1 ,  

MeOH:CH2Cl2   ( 1 : 9 ) .  

b.  3 ( R S ) - 1 - ( 1 - O x o - 4 - p h e n o x y b u t y l ) - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ 0 ( C H 2 ) 3 ,   A=CO,  n = l ) .  

By  t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t   o f  

E x a m p l e  3 2 a   was  c o n v e r t e d   i n t o   t h e   t i t l e   c o m p o u n d   i n  

39%  y i e l d   a f t e r   c r y s t a l l i z a t i o n   f r o m   w a t e r ;   TLC;  R f =  
0 . 6 8  &   0 . 6 4 ,   CH2Cl2 :MeOH  ( 9 : 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 2 7 F 3 N 2 O 4 . 1 . 2 5   H2O:  C,  5 5 . 9 3 ;   H,  6 . 5 9 ;   N,  6 . 2 1  

F o u n d :   C,  5 5 . 8 8 ;   H,  6 . 6 7 ;   N,  6 . 1 5  

E x a m p l e  3 3  

3 ( R S ) - 1 - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] - N - [ 3 - 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = 4 - m o r p h o l i n y l - ( C H 2 ) 2 ,  

A=OCO,  n = 1 )  

a.  2 - ( 4 - M o r p h o l i n y l ) e t h y l   4 - n i t r o p h e n y l   c a r b o n a t e  

h y d r o c h l o r i d e .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7a  b u t   w i t h   t h e  

o m i s s i o n   of   t h e   p y r i d i n e   ( a n d   of   t h e   a c i d   w a s h ) ,   2 - ( 4 -  

m o r p h o l i n y l ) e t h a n o l   was  t r e a t e d   w i t h   4 - n i t r o p h e n y l  

c h l o r o f o r m a t e .   The  c r u d e   p r o d u c t   was  f i l t e r e d ,   w a s h e d  

w i t h   E t 2 O ,   and   d r i e d   u n d e r   v a c u u m .   The  p r o d u c t   o b -  



t a i n e d   (91%)  was  u s e d   f o r   t h e   s u b s e q u e n t   r e a c t i o n  

w i t h o u t   f u r t h e r   c h a r a c t e r i z a t i o n .  

b.  2 ( R S ) , 3 ( S R ) - 1 - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n y t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R3=  

4 - m o r p h o l i n y l - ( C H 2 ) 2 ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7b,  t h e   p r o d u c t  

of   E x a m p l e   33a  was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t   p r e -  

p a r e d   u s i n g   t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( M e O H : C H C l 3  
( 1 : 9 9 ) ) ,   t h e   t i t l e   p r o d u c t   (68%) ;   TLC,  R f = 0 . 3 4 ,   MeOH: 

CHC13  ( 5 : 9 5 ) ,   F R = 2 . 0 .  

c.  3 ( R S ) - 1 - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] - N - [ 3 -  

1 , 1 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = 4 - m o r p h o -  

l i n y l - ( C H 2 ) 2 ,   A=OCO,  n = l ) .  

To  t h e   p r o d u c t   ( 1 . 1   mmol)  of  E x a m p l e   33b  w a s  

a d d e d   DMSO  (65  mmol)  and  Ac2O  (50  m m o l ) .   The  r e s u l t -  

i n g   s o l u t i o n   was  s t i r r e d   18  h r   a t   room  t e m p e r a t u r e   a n d  

d i l u t e d   w i t h   CH2Cl2 .   The  o r g a n i c   s o l u t i o n   was  w a s h e d  

( s a t d   aq  NaHC03  ( 3 x ) ,   w a t e r ,   and  b r i n e ) ,   d r i e d  

( N a 2 S O 4 ) ,   f i l t e r e d   and   c o n c e n t r a t e d   u n d e r   v a c u u m  

b e f o r e   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH: 

CHC13  ( 2 : 9 8 ) )   to  p r o v i d e   t h e   t i t l e   p r o d u c t   ( 3 7 % ) ;  



HPLC,  tR  =  8 . 4 4   &  9 . 8 8 ,   Col  A,  CH3CN:H2O  ( 6 0 : 4 0 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 8 H 2 8 F 3 N 3 O 5 . 1 . O H 2 O :   C,  4 8 . 9 7 ;   H,  6 . 8 5 ;   N,  9 . 5 1  

F o u n d :   C,  4 8 . 9 7 ;   H,  6 . 6 1 ;   N,  9 . 7 3  

E x a m p l e   34  

3 ( R S ) - 1 - [ 1 - O x o - 6 - [ 2 - ( 2 - p y r i d y l ) e t h o x y l c a r b o n y l a m i n o -  

h e x y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = ( 2 -  

p y r i d y l ) - ( C H 2 ) 2 O C O N H - ( C H 2 ) 5 ,   A=CO,  n = 1 )  

a.  4 - N i t r o p h e n y l   2 - ( 2 - p y r i d y l ) e t h y l   c a r b o n a t e .  

A  s o l u t i o n   o f   2 - p y r i d i n e t h a n o l   ( 1 . 3 8   g,  1 1  

mmol)  in   E t 2 0   (20  m o l )   was  a d d e d   o v e r   1  h r   to  a  

s t i r r e d   s o l u t i o n   of   p - n i t r o p h e n y l c h l o r o f o r m a t e   ( 2 . 2 6  

g,  11  mmol)  a t  0 °   u n d e r   n i t r o g e n .   The  r e s u l t i n g   m i x -  

t u r e   was  s t i r r e d   f o r   1  hr   a t   0°  b e f o r e   t h e   p r e c i p i t a t e  

w h i c h   had   f o r m e d   was  c o l l e c t e d   u n d e r   a  b l a n k e t   o f  

n i t r o g e n   and  r e c r y s t a l l i z e d   f r o m   a b s o l u t e   EtOH  to  g i v e  

1 . 5 3   g  (58%)  of   t h e   t i t l e   c o m p o u n d   as  o f f - w h i t e   c r y s -  

t a l s ,   m p  1 2 5 - 1 2 7 ° .  

b.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 - O x o - 6 - [ 2 - ( 2 - p y r i d y l ) e t h o x y ] c a r -  

b o n y l a m i n o h e x y l J - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y -  

4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,  

R 1 = C H ( C H 3 ) C H 3 ,  R 3 = ( 2 - p y r i d y l ) ( C H 2 ) 2 O C O N H ( C H 2 ) 5 ,  

A=CO,  n = 1 ) .  



A  s o l u t i o n   of   t h e   a m i n e   p r o d u c t   of   E x a m p l e  

50b  ( 0 . 7 5   g,  1 . 8   m m o l ) ,   t h e   p r o d u c t   of   E x a m p l e   3 4 a  

( 0 . 6 7 5   g,  1 .8   m m o l ) ,   TEA  ( 0 . 5 2   ml ,   3 . 6   m m o l ) ,   CH3CN 
(25  ml)   and  w a t e r   (25  ml)  w a s  s t i r r e d   a t   room  t e m p e r a -  

t u r e   f o r   2  d a y s   b e f o r e   t h e   s o l v e n t   was  r e m o v e d   u n d e r  

v a c u u m   to  a f f o r d   t h e   c r u d e   p r o d u c t   w h i c h   was  p u r i f i e d  

by  f l a s h   c h r o m a t o g r a p h y   (CH3OH:CHCl3  ( 2 . 5 : 9 7 . 5 )   t o .  

p r o v i d e   t h e   p r o d u c t   ( 1 . 1 3   mmol,   60%)  as  a  p a l e   y e l l o w  

s o l i d ;   TLC,  R f = 0 . 5 ,   CH3CH:CHCl3  ( 5 : 9 5 ) .  

c.  3 ( R S ) - 1 - [ 1 - O x o - 6 - [ 2 - ( 2 - p y r i d y l ) e t h o x y ] c a r b o n y l -  

a m i n o h e x y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 3 = ( 2 - p y r i d y l ) - ( C H 2 ) 2 O C O N H ( C H 2 ) 5 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   31c ,   t h e   p r o d u c t  

of   E x a m p l e   34c  was  c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   t o  

a f f o r d ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CH2Cl2   ( 3 : 9 7 ) )   t h e   t i t l e   p r o d u c t   in  10%  y i e l d ;  

HPLC,  t R = 1 . 8 4 ,   Col  A,  H2O:CH3CN  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 5 F 3 N 4 O 5 . 5 H 2 O :   C,  5 5 . 8 5 ;   H,  6 . 7 5 ;   N,  1 0 . 4 0 ,  

F o u n d :   C,  5 6 . 0 8 ;   H,  6 . 8 2 ;   N,  1 0 . 4 3  

E x a m p l e   35  

3 ( R S ) - l - [ 2 - P h e n y l m e t h o x y - l - ( p h e n y l m e t h o x y m e t h y l ) e t h -  

o x y c a r b o n y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  R 3 =  

(φCH2OCH2)2CH,   A=OCO,  n = 1 )  



a.  4 - N i t r o p h e n y l   2 - p h e n y l m e t h o x y - l - ( p h e n y l m e t h o x y -  

m e t h y l ) e t h y l   c a r b o n a t e .  

TEA  ( 0 . 7 4   g,  7 . 3 4   mmol)  was  a d d e d   d r o p w i s e  

to  a  s t i r r e d   s o l u t i o n   of   p - n i t r o p h e n y l c h l o r o f o r m a t e  

( 1 . 4 8   g,  7 . 3 4   mmol)  and  Et2O  (30  ml)  b e t w e e n   0°  a n d  

5° .   To  t h e   a b o v e   r e a c t i o n   m i x t u r e   a  s o l u t i o n   of   1 , 3 -  

d i b e n z y l g l y c e r o l   ( 2 . 0   g,  7 . 3 4   mmol)  and  Et2O  (20  m l )  

was  a d d e d   b e t w e e n   0°  and  5 ° ,   and  t h e   r e s u l t i n g   m i x t u r e  

was  s t i r r e d   f o r   2  h r   b e t w e e n   0°  and   5°  b e f o r e   i t   w a s  

a l l o w e d   to  warm  to  room  t e m p e r a t u r e   and   s t i r r e d   o v e r -  

n i g h t .   The  r e a c t i o n   m i x t u r e   was  f i l t e r e d   and   c o n c e n -  

t r a t e d   u n d e r   v a c u u m   to  l e a v e   3 . 6   g  of   y e l l o w   o i l   w h i c h  

was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   ( h e x a n e : E t 2 0  
( 8 : 2 ) )   to  g i v e   2 . 1 9   g  (68%)  o f   t h e   t i t l e   c o m p o u n d   as  a  

c l e a r   o i l ;   TLC,  R f = 0 . 3 3 ,   h e x a n e : e t h e r   ( 7 : 3 ) .  

b.  2 ( R S ) , 3 ( S R ) - 1 - [ 2 - P h e n y l m e t h o x y - 1 - ( p h e n y l m e t h o x y -  

m e t h y l ) e t h o x y c a r b o n y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = ( φ C H 2 O C H 2 ) C H ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7b,   p r o d u c t   o f  

E x a m p l e   35a  was  a l l o w e d   to  r e a c t   w i t h   t h e   p r o d u c t   p r e -  
p a r e d   u s i n g   t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( C H C l 3 : E t 0 A c  
( 9 5 : 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 62%) ;   HPLC,  t R = 5 . 8 1   & 

6 . 2 9 ,   Col  A,  H20:CH3CN  ( 4 0 : 6 0 ) ,   F R = 2 . 0 .  



c.  3 ( R S ) - 1 - [ 2 - P h e n y l m e t h o x y - 1 - ( p h e n y l m e t h o x y m e t h y l ) -  

e t h o x y c a r b o n y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R  =  

C H ( C H 3 ) C H 3 ,  R 3 = ( φ C H 2 0 C H 2 ) 2 C H ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   35b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( C H C l 3 : E t O A c   ( 9 8 : 2 ) ) ,   t h e  

t i t l e   p r o d u c t   (13%) ;   HPLC,  t R = 5 . 6 2 ,   c o l   A,  H2O:CH3CN 
( 4 0 : 6 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 9 H 3 5 F 3 N 2 O 6 . O . 2 5 H 2 O :   C,  6 1 . 2 0 ;   H,  6 . 2 8 ;   N,  4 . 9 2  

F o u n d :   C,  6 1 . 2 8 ;   H,  6 . 3 4 ;   N,  5 . 1 5  

E x a m p l e   3 6  

3 ( R S ) - 1 - [ 1 - O x o - 4 - ( 1 - o x o - 2 - p h e n o x y e t h y l a m i n o ) b u t y l ] - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a -  

m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ 0 C H 2 C O N H ( C H 2 ) 3 ,  

A=CO,  n = l )  

a.  E t h y l   4 - ( 1 - o x o - 2 - p h e n o x y e t h y l a m i n o ) b u t a n o a t e .  

To  a  s t i r r e d   m i x t u r e   of   e t h y l   4 - a m i n o b u t a n -  

o a t e   h y d r o c h l o r i d e   ( 3 . 4   g)  and  p h e n o x y a c e t y l   c h l o r i d e  

( 2 . 7 6   ml)  in   50  ml  of   Et2O  and  50  ml  o f  w a t e r   w a s  

a d d e d   one  p o r t i o n   of  NaHCO3  ( 4 . 2   g ) .   A f t e r   2  hr   t h e  

l a y e r s   w e r e   s e p a r a t e d   and  t h e   o r g a n i c   p h a s e   was  w a s h e d  

(1N  HC1,  b r i n e ) ,   d r i e d   (MgSO4) ,   and  f i l t e r e d .   E v a p -  

o r a t i o n   of  t h e   s o l v e n t   u n d e r   v a c u u m   g a v e   3 .1   g  ( 5 3 % )  

of  t h e   t i t l e   c o m p o u n d   as  an  o i l .  



b.  4 - ( 1 - O x o - 2 - p h e n o x y e t h y l a m i n o ) b u t a n o i c   a c i d .  

A  m i x t u r e   of   t h e   p r o d u c t   of   E x a m p l e   3 6 a  

( 3 . 1   g)  in   IN  NaOH  (15  ml)  was  s t i r r e d   f o r   6  h r   a t  

room  t e m p e r a t u r e .   The  r e s l u t i n g   s o l u t i o n   was  m a d e  

a c i d i c   w i t h   2N  HC1.  The  s o l i d   w h i c h   p r e c i p i t a t e d   w a s  

c o l l e c t e d ,   w a s h e d   w i t h   w a t e r   and  d r i e d   u n d e r   h i g h  

v a c u u m .   T h e r e   was  o b t a i n e d   2 .5   g  (95%)  of   t h e   t i t l e  

c o m p o u n d   as  a  w h i t e   s o l i d ,   mp.  9 1 - 9 4 ° .  

c.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 - O x o - 4 - ( 1 - o x o - 2 - p h e n o x y e t h y l -  

a m i n o ) b u t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R  =  

CH(CH3)CH3,   R 3 = φ C H 2 C O N H ( C H 2 ) 3 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   o f   E x a m p l e   3 2 a ,   t h e   p r o d u c t  

o f   E x a m p l e   36b  was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t   p r e -  

p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   2b  to  p r o v i d e ,   a f t e r  

p u r i f i c a t i o n   by  an  a c i d   and  b a s e   w a s h   w o r k u p ,   t h e  

t i t l e   p r o d u c t   ( 92%) ;   TLC,  R f = 0 . 4 3  &   0 . 4 8 ,   M e O H : C H 2 C l 2  
( 1 : 9 ) .  

d.  3 ( R S ) - 1 - [ 1 - O x o - 4 - ( 1 - o x o - 2 - p h e n o x y e t h y l a m i n o ) -  

b u t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R3=φOCH2CONH(CH2)3 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   36d  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:  CH2Cl2  ( 3 : 9 7 ) ) ,  



t h e   t i t l e   p r o d u c t   ( 75%) ;   HPLC,  t R   4 . 6 2   &  6 . 0 2 ,   Col  A ,  

CH3CN:H20  ( 6 5 : 3 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 3 N 3 O 5 :   C,  5 6 . 2 6 ;   H,  6 . 2 8 ;   N,  8 . 5 6  

F o u n d :   C,  5 6 . 2 8 ;   H,  6 . 4 0 ;   N,  8 . 3 0  

E x a m p l e   3 7  

3 ( R S ) - 1 - ( 4 - M e t h o x y - 1 , 4 - d i o x o b u t y l ) - N - [ 3 - ( 1 , 1 , 1 - t r i f l u -  

o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,  

R 1 = C H ( C H 3 ) C H 3 ,   R 3 = C H 3 O C O ( C H 2 ) 2 ,   A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - 1 - ( 4 - M e t h o x y - 1 , 4 - d i o x o b u t y l ) - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

CH3OCO(CH2)2 ,   A = C O , n = l ) .  

To  a  s t i r r e d   m i x t u r e   o f  p r o d u c t   p r e p a r e d  

u s i n g   t h e   m e t h o d   of   E x a m p l e   2b  ( 1 . 3 4   g)  in   CH2Cl2  ( 5 0  

ml)   and  IN  NaOH  (6  ml)   c o o l e d   in   an  i c e - w a t e r   b a t h   w a s  

a d d e d   d r o p w i s e   3 - c a r b o m e t h o x y p r o p i o n y l   c h l o r i d e   ( 0 . 7 5  

g ) .   A f t e r   1  hr   t h e   l a y e r s   w e r e   s e p a r a t e d   and  t h e  

o r g a n i c   p h a s e   was  d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d   and  e v a p o r -  
a t e d   to  p r o v i d e   1 .1   g  ( 5 8 % )  o f   t h e   t i t l e   c o m p o u n d   as  a  

w h i t e   p o w d e r ;   TLC,  R f = 0 . 5 7 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  

b.  3 ( R S ) - 1 - ( 4 - M e t h o x y - 1 , 4 - d i o x o b u t y l ) - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = C H 3 O C O ( C H 2 ) 2 ,   A=CO, 

n = 1 ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   37a   was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 2 : 9 8 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 71%) ;   TLC,  R f = 0 . 5 8 ,   MeOH:  CH2Cl2  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 6 H 2 3 F 3 N 2 O 5 . O . 7 5 H 2 O :   C,  4 8 . 7 9 ;   H,  6 . 2 7 ;   N,  7 . 1 1  

F o u n d :   C,  4 9 . 0 4 ;   H,  6 . 1 2 ;   N,  6 . 8 3  

E x a m p l e   38  

3 ( R S ) - 1 - [ 3 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) a m i n o - 1 - o x o -  

p r o p y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

( C H 3 ) 3 C O C O N H ( C H 2 ) 2 ,   A=CO,  n = 1 )  

a.  2 ( R S ) ,  3 ( S R ) - 1 - [ 3 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l )  

a m i n o - 1 - o x o p r o p y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = ( C H 3 ) 3 C O C O N H ( C H 2 ) 2 ,   A=CO,  

n = 1 ) .  

U s i n g   t h e   m e t h o d   o f   E x a m p l e   3 2 a ,   3 - ( B O C -  

a m i n o ) p r o p a n o i c   a c i d   was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t  

p r e p a r e d - u s i n g   t h e   m e t h o d   of   E x a m p l e   2b  to  p r o v i d e   t h e  

t i t l e   p r o d u c t   ( 80%) ;   TLC,  R f = 0 . 3 5 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  

b .   3 ( R S ) - 1 - [ 3 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) a m i n o - 1 -  

o x o p r o p y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 3 = ( C H 3 ) 3 C O C O N H ( C H 2 ) 2 ,   A=CO,  n = l ) .  



U s i n g   t h e   m e t h o d   of  E x a m p l e   6 1 c ,   t h e  

p r o d u c t   of  E x a m p l e   38a   was  o x i d i z e d   to  a f f o r d ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( M e O H : C H 2 C l 2  
( 2 : 9 8 ) ) ,   t h e   named   p r o d u c t   ( 6 1 % ) ;   TLC,  R f = 0 . 4 6 ,   MeOH: 

CH2Cl2  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 9 H 3 0 F 3 N 3 O 5 · 0 . 7 5 H 2 O :   C,  5 0 . 8 3 ;   H,  6 . 6 2 ;   N,  9 . 3 9  

F o u n d :   C,  5 1 . 1 8 ;   H,  7 . 0 0 ;   N,  9 . 2 8  

E x a m p l e   39  

3 ( R S ) - 1 - ( 3 - B e n z o y l a m i n o - 1 - o x o p r o p y l ) - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ C O N H ( C H 2 ) 2 ,   A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - 1 - ( 3 - B e n z o y l a m i n o - 1 - o x o p r o p y l ) - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,  R 3 =  

φCONH(CH2)2 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,   3 - ( b e n z o y l -  

a m i n o ) p r o p a n o i c  a c i d   was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t  

p r e p a r e d   u s i n g   t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e   t h e  

t i t l e   p r o d u c t   ( 8 3 % ) ;   TLC,  R f = 0 . 3 9   &  0 . 4 2 ,   M e O H : C H 2 C l 2  
( 1 : 9 ) .  

b.  3 ( R S ) - 1 - ( 3 - B e n z o y l a m i n o - 1 - o x o p r o p y l ) - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ C O N H ( C H 2 ) 2 ,   A=CO, 

n = 1 ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

o f   E x a m p l e   39a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 2 : 9 8 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 48%) ;   TLC,  R f = 0 . 5 4 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 2 6 F 3 N 3 O 4 :   C,  5 7 . 1 4 ;   H,  5 . 9 4 ;   N,  9 . 5 2  

F o u n d :   C,  5 7 . 1 2 ;   H,  6 . 5 9 ;   N,  9 . 4 5  

E x a m p l e   4 0  

3 ( R S ) - 1 - [ 3 - ( 1 - O x o - 2 , 2 - d i p h e n y l e t h y l ) a m i n o ] - 1 - o x o b u t y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = φ 2 C H C O N H ( C H 2 ) 3 ,  

A=CO,  n = 1 )  

a.  E t h y l   3 - ( 1 - o x o - 2 , 2 - d i p h e n y l e t h y l ) a m i n o b u t a n o a t e .  

To  a  s t i r r e d   s o l u t i o n   of   e t h y l   4 - a m i n o b u t y -  

r a t e   h y d r o c h l o r i d e   ( 2 . 5 1   g)  and   d i p h e n y l a c e t y l   c h l o r -  

i d e   ( 3 . 4 6   g)  in   50  ml  o f   CH2Cl2  was  a d d e d   50  ml  o f  

w a t e r   f o l l o w e d   by  t h e   a d d i t i o n  o f   one  p o r t i o n   o f  

NaHCO3  ( 3 . 4   g ) .   A f t e r   2  h r   t h e   l a y e r s   w e r e   s e p a r a t e d  

and  t h e   o r g a n i c   p h a s e   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d   a n d  

e v a p o r a t e d .   T h e r e   was  o b t a i n e d   3 .5   g  (72%)  of   t h e  

t i t l e   c o m p o u n d   as  a  w h i t e   s o l i d ;   TLC,  R f = 0 . 7 1 ,   MeOH: 

CH2Cl2  ( 5 : 9 5 ) .  

b.  3 - ( 1 - O x o - 2 , 2 - d i p h e n y l e t h y l ) a m i n o b u t a n o i c   a c i d .  



A  m i x t u r e   of   t h e   p r o d u c t   of   E x a m p l e   4 0 a  

( 3 . 5   g)  in   IN  NaOH  (30  ml)  and  EtOH  (10  ml)   w a s  

s t i r r e d   f o r   10  h r .   The  s o l u t i o n   was  t h e n   e x t r a c t e d  

w i t h   E t 2 0 .   The  a q u e o u s   p h a s e   was  made  a c i d i c   w i t h   2N 

HC1;  and   t h e   p r e c i p i t a t e d   s o l i d   was  c o l l e c t e d ,   w a s h e d  

w i t h   w a t e r   and  d r i e d   u n d e r   h i g h   v a c u u m .   T h e r e   w a s  

o b t a i n e d   2 . 9   g  (93%)  of   t h e   t i t l e   c o m p o u n d   as  a  w h i t e  

p o w d e r .  

c.  2 ( R S ) , 3 ( S R ) - 1 - [ 3 - ( 1 - O x o - 2 , 2 - d i p h e n y e t h y l ) a m i n o - 1 -  

o x o b u t y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R  =  

CH(CH3)CH3 ,   R3=φ2CHCONH(CH2)3 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,  t h e   p r o d u c t  

of   E x a m p l e   40b  was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t   p r e -  

p a r e d   u s i n g   t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e   t h e  

t i t l e   p r o d u c t   ( 81%) ;   TLC,  R f = 0 . 1 3 ,   MeOH:CH2Cl2   ( 5 : 9 5 ) .  

d.  3 ( R S ) - 1 - [ 3 - ( 1 - O x o - 2 , 2 - d i p h e n y l e t h y l ) a m i n o - 1 - o x o -  

b u t y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  
R3=  φ2CHCONH(CH2)3 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   61c ,   t h e  

p r o d u c t   of  E x a m p l e   40c  was  o x i d i z e d   to  a f f o r d ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( M e O H : C H 2 C l 2  
( 2 : 9 8 ) ) ,   t h e   t i t l e   p r o d u c t   ( 27%) ;   TLC,  R f = 0 . 2 4 ,   MeOH: 

CH2Cl2  ( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 9 H 3 4 F 3 N 3 O 4 . 1 . O H 2 O :   C,  6 1 . 3 1 ;   H,  6 . 4 8 ;   N,  7 . 3 9  

F o u n d :   C,  6 1 . 5 8 ;   H,  6 . 7 7 ;   N,  7 . 4 3  



E x a m p l e   41  

3 ( R S ) - 1 - [ 2 - ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r a l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = C H 3 O ( C H 2 ) 2 O ( C H 2 ) 2 ,   A= 

OCO,  n = 1 )  

a.   2 ( R S ) , 3 ( S R ) - 1 - [ 2 - ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

C H 3 O ( C H 2 ) 2 O ( C H 2 ) 2 ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7b,   t h e   p r o d u c t  

of   E x a m p l e   19a  was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t  

p r e p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   2b  to  p r o v i d e ,  

a f t e r   p u r i f i c a t i o n   by  d r y   c o l u m n   f l a s h   c h r o m a t o g r a p h y  

o v e r   s i l i c a   g e l   u s i n g   g r a d i e n t   e l u t i o n   w i t h   a c e t o n e :  

h e x a n e   f r o m   ( 1 0 : 9 0 )   to  ( 5 0 : 5 0 ) ,   t h e   t i t l e   p r o d u c t  

( 7 5 % ) ;   TLC,  R f = 0 . 3 0   &  0 . 3 5 ,   a c e t o n e : h e x a n e   ( 4 0 : 6 0 ) .  

b.  3 ( R S ) - 1 - [ 2 - ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

C H 3 O ( C H 2 ) 2 O ( C H 2 ) 2 ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   41a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e : C H C l 3   ( 1 : 3 ) ) ,  



t h e   t i t l e   p r o d u c t   (42%) ;   HPLC,  t R = 5 . 6 9 ,   Col  A,  H 2 0 :  

CH3CN  ( 7 5 : 2 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 7 H 2 7 F 3 N 2 O 6 :   C,  4 9 . 3 9 ;   H,  6 . 8 3 ;   N,  6 . 7 8  

F o u n d :   C,  4 9 . 2 7 ;   H,  6 . 8 0 ;   N,  6 . 4 8  

E x a m p l e   4 2  

3 ( R S ) - 1 - [ 1 , 4 - D i o x o - 4 - ( p h e n y l m e t h y l a m i n o ) b u t y l ] - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R3=∅CH 2NHCO(CH2)2,  A=CO, 

n = 1 )  

a.  4 - 0 x o - 4 - ( p h e n y l m e t h y l a m i n o ) b u t a n o i c   a c i d .  

A  m i x t u r e   of   b e n z y l   a m i n e   ( 1 0 . 7   g)  a n d  

s u c c i n i c   a n h y d r i d e   (10  g)  was  s t i r r e d   in   THF  (1  l i t e r )  

f o r   2  d a y s .   The  s o l i d   was  f i l t e r e d   and  d i s s o l v e d   i n  

1N  NaOH  (110  m l ) .   The  a q u e o u s   p h a s e   was  w a s h e d   w i t h  

E t 2 0   and  t h e n   made  a c i d i c   w i t h   conc   HC1  w h i l e   c o o l i n g  

in   an  i c e - w a t e r   b a t h .   The  s o l i d   was  c o l l e c t e d ,   w a s h e d  

w i t h   w a t e r   and  d r i e d   u n d e r   h i g h   v a c u u m .   T h e r e   w a s  

o b t a i n e d   1 0 . 9   g  (53%)  of  t h e   t i t l e   c o m p o u n d   as  a  w h i t e  

p o w d e r   m . p .   1 3 7 . 5 - 1 3 8 ° .  

b.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 , 4 - D i o x o - 4 - ( p h e n y l m e t h y l a m i n o ) -  

b u t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R1= 

CH(CH3)CH3 '   R3 =ØCH2NHCO(CH2)2 '   A=C0,  n = 1 )  



U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,   t h e   p r o d u c t  

of   E x a m p l e   42a   was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t  

p r e p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   2b  to  p r o v i d e   t h e  

t i t l e   c o m p o u n d   (74%) ;   TLC,  R f = 0 . 4 8 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  

c.  3 ( R S ) - 1 - [ 1 , 4 - D i o x o - 4 - ( p h e n y l m e t h y l a m i n o ) b u t y l ] - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R3=∅CH2NHCO- 

( C H 2 ) 2 ,   A=CO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   42b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 2 : 9 8 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 4 0 % ) ;   TLC,  R f = 0 . 5 6 ,   MeOH:  CH2Cl2  ( 1 : 9 ) .  

A n a l y s i s  c a l c u l a t e d   f o r :  

C 2 2 H 2 8 F 3 N 3 O 4 :   C,  5 8 . 1 0 ;   H,  6 . 2 0 ;   N,  9 . 2 3  

F o u n d :   C,  5 7 . 9 0 ;   H,  6 . 3 6 ;   N,  9 . 2 7  

E x a m p l e   4 3  

3 ( R S ) - 1 - [ I - O x o - 3 - ( p h e n y l m e t h o x y c a r b o n y l a m i n o ) p r o p y l ] -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R3=∅CH2OCOMH(CH2)2 ,  

A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 - O x o - 3 - ( p h e n y l m e t h o x y c a r b o n y l -  

a m i n o ) p r o p y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R1= 

CH(CH3)CH3,   R3=∅CH2ORONH(CH2)2,   A=CO,  n = l ) .  



U s i n g   t h e   m e t h o d   of  E x a m p l e   3 2 a ,   C B Z - β - a l a n -  

i n e   was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t   p r e p a r e d   u s i n g  
t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e   t h e   t i t l e   p r o d u c t  

(82%) ;   TLC,  R f = 0 . 5 9 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  

b.  3 ( R S ) - 1 - [ 1 - O x o - 3 - ( p h e n y l m e t h o x y c a r b o n y l a m i n o ) -  

p r o p y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R3=∅5H2OCONH(CH2)2 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c ,   t h e   p r o d u c t  

of   E x a m p l e   43a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 2 : 9 8 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 35%) ;   TLC,  R f = 0 . 2 3 ,   M e O H : C H 2 C l 2  
( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 2 8 F 3 N 3 O 5 0 . 4 H 2 O :   C,  5 5 . 2 0 ;   H,  6 . 0 6 ;   N,  8 . 7 7  

F o u n d :   C,  5 5 . 2 8 ;   H,  6 . 2 5 ;   N,  8 . 5 5  

E x a m p l e   44  

3 ( R S ) - 1 - [ 1 - O x o - 4 - ( p h e n y l m e t h o x y c a r b o n y l a m i n o ) b u t y l ] - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R3=∅CH2OCONH(CH2)3 ,  

A=CO,  n = l )  

a.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 - O x o - 4 - ( p h e n y l m e t h o x y c a r b o n y l -  

a m i n o ) b u t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h v d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R =  

C H ( C H 3 ) C H 3 ,  R 3 =∅C H 2 O C O N H ( C H 2 ) 3 ,   A=CO,  n = 1 ) .  



U s i n g   t h e   m e t h o d   of  E x a m p l e   3 2 a ,   C B Z - 4 -  

a m i n o b u t a n o i c   a c i d   was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t  

p r e p a r e d   u s i n g   t h e   m e t h o d   of  E x a m p l e   2b  to  p r o v i d e   t h e  

t i t l e   p r o d u c t   ( 7 2 % ) ;   TLC,  R f = 0 . 4 7 ,   E t 2 O : E t 0 A c   ( 1 : 1 ) .  

b.  3 ( R S ) - l - [ l - O x o - 4 - ( p h e n y l m e t h o x y c a r b o n y l a m i n o ) -  

b u t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R3=∅CH2OCONH(CH2)3,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c ,   t h e   p r o d u c t  

of   E x a m p l e   44a  was  o x i d i z e d   to   a f f o r d ,   a f t e r   p u r i f i -  

c a t i o n   by  p r e p a r a t i v e   TLC  (MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 3 2 % ) ;   TLC,  R f = 0 . 6 5   &  0 . 6 8 ,   h i e O H : C H C l 8  
( 1 : 9 ) .  

E x a m p l e   4 5  

3 R ( o r   S ) - 1 - [ 1 - O x o - 4 - p h e n o x y - 2 - ( 2 - p h e n o x y e t h y l ) b u t y l ] -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = [ Ø 0 ( C H 2 ) 2 ] 2 C H  

A=CO,  n = l )  

a.  D i e t h y l   2 , 2 - d i ( 2 - p h e n o x y e t h y l ) m a l o n a t e .  

To  a  s t i r r e d   s o l u t i o n   of   s o d i u m   ( 2 . 3   g)  i n  

a b s o l u t e   EtOH  (50  m l )  w a s   a d d e d   d i e t h y l   m a l o n a t e  

( 1 5 . 2   ml)  f o l l o w e d   by  2 - p h e n o x y e t h y l   c h l o r i d e   ( 1 5 . 7  

g ) .   The  r e a c t i o n   m i x t u r e   was  t h e n   r e f l u x e d   f o r   12  

h r .   The  EtOH  was  e v a p o r a t e d   u n d e r   v a c u u m   and  t h e  

m i x t u r e   d i l u t e d   w i t h   w a t e r   (40  m l ) .   The  a q u e o u s  



p h a s e   was  e x t r a c t e d   w i t h   E t2O .   The  c o m b i n e d   E t 2 O  

e x t r a c t s   w e r e   w a s h e d   ( b r i n e ) ,   d r i e d   (MgSO4)  f i l t e r e d  

and  e v a p o r a t e d .   Bu lb   to  b u l b   d i s t i l l a t i o n   a f f o r d e d  

1 2 . 2   g  (27%)  of   t h e   t i t l e   d i e s t e r   as  a  c l e a r   l i q u i d ,  

bp  1 5 5 - 1 7 5 °   (106  P a s c a l s ,   0 . 8   T o r r ) ;   TLC,  R f = 0 . 3 4 ,  

C H 2 C l 2 .  

b.  4 - P h e n o x y - 2 - ( 2 - p h e n o x y e t h y l ) b u t a n o i c   a c i d .  

A  m i x t u r e   of   t h e   p r o d u c t   of   E x a m p l e   4 5 a  

( 1 0 . 0   g)  and  p o t a s s i u m   h y d r o x i d e   ( 1 7 . 7   g)  in   w a t e r  

(22  ml)   was  r e f l u x e d   f o r   4  h r .   The  r e a c t i o n   m i x t u r e  

was  c o o l e d   and   a c i d i f i e d   w i t h   conc   HCI.   The  p r e c i p i -  

t a t e d   s o l i d   was  c o l l e c t e d ,   w a s h e d   w i t h   w a t e r   and  a i r  

d r i e d .   The  s o l i d   o b t a i n e d   ( 8 . 4 4   g)  was  h e a t e d   a t   1 7 0 °  

f o r   2  h r   and   t h e n   c o o l e d .   R e c r y s t a l l i z a t i o n   of   t h e  

s o l i d   f r o m   c y c l o h e x a n e   g a v e   4 .1   g  (93%)  of  t h e   t i t l e  

c o m p o u n d   as  f i n e   w h i t e   n e e d l e s ;   mp  8 5 - 8 6 ° .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C18H20O4:   C,  7 1 . 9 8 ;   H,  6 . 7 1  

F o u n d :   C,  7 1 . 9 2 ;   H,  6 . 7 1  

c.  4 - P h e n o x y - 2 - ( 2 - p h e n o x y e t h y l ) b u t a n o y l   c h l o r i d e .  

A  m i x t u r e   of   t h e   p r o d u c t   of  E x a m p l e   4 5 b  

( 1 . 5   g)  and   t h i o n y l   c h l o r i d e   ( 0 . 7 3   ml)   was  h e a t e d   o n  

a  s t e a m   b a t h   f o r   1  h r .   The  r e a c t i o n   m i x t u r e   was  t h e n  

s t r i p p e d .   The  a c i d   c h l o r i d e   t i t l e   p r o d u c t   w a s  

o b t a i n e d   as  a  c l e a r   o i l   in   q u a n t i t a t i v e   y i e l d   and  w a s  

u s e d   d i r e c t l y .  



d.  2 ( R S ) , 3 ( S R ) - 1 - [ 1 - O x o - 4 - p h e n o x y - 2 - ( 2 - p h e n o x y e t h y l ) -  

b u t y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R1=  

C H ( C H 3 ) C H 3 ,  R 3 = [ Ø 0 ( C H 2 ) 2 ] 2 C H ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 7 a ,   t h e   p r o d u c t  

of   E x a m p l e   45c  was  a l l o w e d   to  r e a c t   w i t h   p r o d u c t   p r e -  

p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   2b  to  p r o v i d e   t h e  

t i t l e   p r o d u c t   ( 9 5 % ) ;   TLC,  R f = 0 . 4 7   &  0 . 5 4 ,   E t 2 0 .  

e.  3 R ( o r   S ) - [ l - O x o - 4 - p h e n o x y - 2 - ( 2 - p h e n o x y e t h y l ) b u t -  

y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

[ Ø 0 ( C H 2 ) 2 ] 2 C H ,   A=CO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   o f   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

o f   E x a m p l e   45d  was  o x i d i z e d   to  a f f o r d   t h e   c r u d e   p r o -  
d u c t   as  a  m i x t u r e   of   d i a s t e r e o m e r s   w h i c h   was  s e p a r a t e d  

by  f l a s h   c h r o m a t o g r a p h y   ( E t 2 O : h e x a n e   ( g r a d i e n t   e l u -  

t i o n ,   6 0 : 4 0   to  7 5 : 2 5 ) ) .   The  f a s t e r   e l u t i n g   d i a s t e r e o -  

mer  was  t h e   t i t l e   c o m p o u n d ,   o b t a i n e d   i n   27 .7%  y i e l d ;  

HPLC,  t R = 6 . 9 4 ,   Col   A,  CH3CN:H2O  ( 6 5 : 3 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 9 H 3 5 F 3 N 2 O 5 :   C,  6 3 . 4 9 ;   H,  6 . 4 3 ;   N,  5 . 1 1  

F o u n d :   C,  6 3 . 3 9 ;   H,  6 . 4 7 ;   N,  5 . 0 7  



E x a m p l e   46  

3 S ( o r   R ) - [ 1 - O x o - 4 - p h e n o x y - 2 - ( 2 - p h e n o x y e t h y l ) b u t y l ] - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a -  

m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  R 3 = [ Ø 0 ( C H 2 ) 2 ] 2 C H ,  

A=CO,  n = l )  

From  t h e   s e p a r a t i o n   of  t h e   d i a s t e r e o m e r s   o f  

t h e   c r u d e   p r o d u c t   d e s c r i b e d   in   E x a m p l e   4 5 e ,   t h e   s l o w -  

er   e l u t i n g   d i a s t e r e o m e r   was  t h e   t i t l e   c o m p o u n d   h e r e ,  

o b t a i n e d   in   28.3%  y i e l d ;   HPLC,  t R = 5 . 0 4 ,   Col  A,  CH3CH: 

H20  ( 6 5 : 3 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 9 H 3 5 F 3 N 2 O 5 :   C,  6 3 . 4 9 ;   H,  6 . 4 3 ;   N,  5 . 1 1  

F o u n d :   C,  6 3 . 5 0 ;   H,  6 . 4 5 ;   N,  5 . 2 6  

E x a m p l e   4 7  

3 ( R S ) - 1 - [ 6 - [ ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

a m i n o ] - 1 - o x o ] h e x y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 3 = 4 - ( C H 3 C H 2 O C O ) Ø N H C O N H ( C H 2 ) 5 ,  A = C O ,   n = l )  

a.  2 ( R S ) , 3 ( S R ) - 1 - [ 6 - [ ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o -  

c a r b o n y l a m i n o ] - 1 - o x o ] h e x y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = 4 - ( C H 3 C H 2 O C O ) Ø N H C O N H ( C H 2 ) 5 ,  

A=CO,  n = 1 ) .  

E t h y l   p - i s o c y a n a t o b e n z o a t e   ( 0 . 2 8 8   g,  1 . 5  

mmol)  was  a d d e d   to  a  s t i r r e d   s o l u t i o n   of  t h e   p r o d u c t  



of   E x a m p l e   50b  ( 0 . 6   g,  1 .5   m m o l ) ,   TEA  ( 0 . 1 5   g,  1 . 5  

m m o l ) ,   and  DMF  (20  ml)  u n d e r   n i t r o g e n   a t   room  t e m p e r a -  

t u r e .   The  r e s u l t i n g   m i x t u r e   was  s t i r r e d   a t   room  t e m -  

p e r a t u r e   o v e r n i g h t   b e f o r e   i t   was  c o n c e n t r a t e d   u n d e r  

v a c u u m   to  l e a v e   an  a m b e r   r e s i d u e   w h i c h   was  d i s s o l v e d  

in  E tOAc.   T h e  E t O A c   s o l u t i o n   was  w a s h e d   (1N  H C 1 ) ,  

d r i e d   ( M g S 0 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m  

to  l e a v e   1 . 1 5   g  of   o i l y   r e s i d u e .   T h i s   r e s i d u e   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   (CHCl3 :CH3OH  ( 9 7 : 3 ) )  

to  g i v e   0 . 6 2   g  (70%)  o f   t h e   t i t l e   c o m p o u n d   as  a  w h i t e  

s o l i d ;   TLC,  R f = 0 . 2 8  &   0 . 3 5 ,   CHCl3:CH3OH  ( 9 5 : 5 ) .  

b.  3 ( R S ) - 1 - [ 6 - [ ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n -  

y l a m i n o ] - 1 - o x o ] h e x y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,  

R 1 = C H ( C H 3 ) C H 3 ,   R 3 = 4 - ( C H 3 C H 2 O C O ) O N H C O N H ( C H 2 ) 5 ,   A= 

CO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c  t h e  

p r o d u c t   of   E x a m p l e   47a   was  o x i d i z e d   to  a f f o r d ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( C H C l 3 : M e O H  
( 9 7 : 3 ) ) ,   t h e   t i t l e   p r o d u c t   ( 4 3 % ) ;   HPLC,  t R = 1 2 . 3 9   & 

1 5 . 7 9 ,   C o l .   A,  H20:CH3CN  ( 6 5 : 3 5 ) ,   F R = 2 . 0 .  

A n a l y s i s  c a l c u l a t e d   f o r :  

C 2 7 H 3 7 F 3 N 4 O 6 . 1 . O H 2 O :   C,  5 5 . 0 9 ;   H,  6 . 6 8 ;   N,  9 . 5 1  

F o u n d :   C,  5 4 . 7 5 ;   H,  6 . 6 3 ;   N,  9 . 2 9  



E x a m p l e   48  

3 ( R S ) - 1 - [ 6 - ( P h e n y l m e t h o x y c a r b o n y l a m i n o ) - 1 - o x o h e x y l ] -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = Ø C H 2 O C O N H ( C H 2 ) 5 ,  

A=CO,  n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   31c ,   t h e   p r o d u c t  

of   E x a m p l e   50a   was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (CHCl3:MeOH  ( 9 7 : 3 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 31%) ;   HPLC,  t R = 4 . 0 6 ,   C o l .   A,  C H 3 C N : H 2 0  
( 1 : 1 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 4 F 3 N 3 O 5 . 0 . 5 H 2 O :   C,  5 7 . 4 6 ;   H,  6 . 7 5 ;   N,  8 . 0 4  

F o u n d :   C,  5 7 . 8 7 ;   H,  6 . 2 4 ;   N,  7 . 8 6  

E x a m p l e   4 9  

3 ( R S ) - 1 - [ 6 - [ ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

a m i n o ] - 1 - o x o h e x y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 3 = 4 - ( H O C O ) Ø N H C O N H ( C H 2 ) 5 ,   A=CO,  n = 1 )  

U s i n g   t h e   m e t h o d   of  E x a m p l e   14,  t h e   p r o d u c t  

of  E x a m p l e   47b  was  c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t  i n  

38%  y i e l d ;   HPLC,  t R = 6 . 2 4   &  8 . 0 ,   C o l .   A,  H 2 0 : C H 3 C N  
( 7 5 : 2 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 3 F 3 N 4 O 6 . 2 . 5 H 2 O :   C,  5 1 . 1 ;   H,  6 . 5 0 ;   N,  9 . 5 0  

F o u n d :   C,  5 1 . 3 4 ;   H,  5 . 9 3 ;   N,  8 . 9 5  



E x a m p l e   5 0  

3 ( R S ) - 1 - ( 6 - P h e n y l s u l f o n y l a m i n o - 1 - o x o h e x y l ) - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,  R 3 = Ø S ( O 2 ) N H ( C H 2 ) 5 ,   A=CO,  

n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - 1 - [ 6 - ( P h e n y l m e t h o x y c a r b o n y l a m i n o ) - 1 -  

o x o h e x y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h -  

y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 =  

CH(CH3)CH3 ,   R3=ØCH2OCONH(CH2)5 ,   A=CO,  n = l ) .  

DCC  ( 6 . 3 5   g,  3 0 . 8   mmol)  was  a d d e d   t o   a  

s t i r r e d   s o l u t i o n   o f   N - C B Z - a m i n o c a p r o i c   a c i d   ( 6 . 8 4   g ,  
2 5 . 7   m m o l ) ,   m a t e r i a l   p r e p a r e d   by  t h e   m e t h o d   of   E x a m p l e  

2b  ( 6 . 8 9   g,  2 5 . 7   m m o l ) ,   HOBT  ( 6 . 9 4   g,  5 1 . 4   mmol)  a n d  

d r y   THF  (250  ml)  a t   0°C  u n d e r   n i t r o g e n .   The  r e s u l t i n g  

r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   0°C  f o r   1  h r ,   w a s  

a l l o w e d   to  warm  to   room  t e m p e r a t u r e ,   and   was  s t i r r e d  

o v e r n i g h t   b e f o r e   i t   was  f i l t e r e d .   The  f i l t r a t e   w a s  

c o n c e n t r a t e d   u n d e r   v a c u u m   to   a  b r o w n   r e s i d u e   w h i c h   w a s  

d i s s o l v e d   in   CHC13,  and  t h e   CHC13  s o l u t i o n   was  w a s h e d  

(20%  c i t r i c   a c i d   s o l u t i o n ) ,   d r i e d   ( N a 2 S 0 4 ) ,   f i l t e r e d ,  

and  c o n c e n t r a t e d   u n d e r   v a c u u m .   The  r e s i d u e   was  p u r i -  

f i e d   by  f l a s h   c h r o m a t o g r a p h y   (CHCl3 :MeOH  ( 9 7 : 3 ) )   t o  

g i v e   8 . 0   g  (61%)  of   t h e   t i t l e   c o m p o u n d   as  a  w a x y  
s o l i d ;   TLC,  R f = 0 . 3 5 ,   CHCl3:MeOH  ( 9 5 : 5 ) .  



b.  2 ( R S ) , 3 ( S R ) - 1 - ( 6 - A m i n o - 1 - o x o h e x y l ) - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = H 2 N ( C H 2 ) 5 ,   A=CO, 

n = 1 ) .  

A  m i x t u r e   of   t h e   p r o d u c t   of   E x a m p l e   5 0 a  

( 2 . 0 6   g,  3 . 9 9   m m o l ) ,   EtOH  (100  m l ) ,   and  10%  Pd/C  ( 0 . 3  

g)  was  p l a c e d   on  a  P a r r ®   s h a k e r   u n d e r   P a s c a l s  

(45  p s i )   of   H2  f o r   3  h r .   The  m i x t u r e   was  f i l t e r e d  

t h r o u g h   C e l i t e ®   and  t h e   G e l i t e ®   c a k e   was  w a s h e d   w i t h  

EtOH.  The  EtOH  w a s h e s   and  t h e   a b o v e   f i l t r a t e   w e r e  

c o m b i n e d   and  c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   1 . 3 6   g 
(86%)  of   t h e   t i t l e   c o m p o u n d   as  a  p a l e   g r e e n  w a x y   o i l ;  

TLC,  R f = 0 . 2 ,   CHCl3:MeOH  ( 8 5 : 1 5 ) .  

c.  2 ( R S ) , 3 ( S R ) - 1 - ( 6 - P h e n y l s u l f o n y l a m i n o - 1 - o x o h e x y l ) -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R3=  

Ø S ( O 2 ) N H ( C H 2 ) 5 ,   A=CO,  n = l ) .  

B e n z e n e s u l f o n y l   c h l o r i d e   ( 0 . 6   g,  1 .5   m m o l )  

w a s  a d d e d   to  a  s t i r r e d   s o l u t i o n   of   t h e   p r o d u c t   o f  

E x a m p l e   50b  ( 0 . 2 6   g,  1 .5   m m o l ) ,   TEA  ( 0 . 3   g,  3 . 0   m m o l ) ,  

and  d r y   DMF  (20  ml)  u n d e r   n i t r o g e n   a t   room  t e m p e r a t u r e  

and  t h e   r e s u l t i n g   m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a -  

t u r e   o v e r n i g h t .   The  DMF  was  r e m o v e d   u n d e r   v a c u u m   t o  

l e a v e   a  b r o w n i s h   r e s i d u e   w h i c h   was  d i s s o l v e d   in   E t O A c .  

The  EtOAc  s o l u t i o n   was  w a s h e d   (1N  H C l ) ,   d r i e d   ( M g S 0 4 ) ,  
and   f i l t e r e d .   The  f i l t r a t e   was  c o n c e n t r a t e d   u n d e r  

v a c u u m   to  a  r e s i d u e   w h i c h   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   (CHCl3 :MeOH  ( 9 7 : 3 ) )   to  g i v e   0 . 4 8   g 



(60%)  of   t h e   t i t l e   c o m p o u n d   as  a  w h i t e   p o w d e r ;   T L C ,  

R f = 0 . 3 0  &   0 . 4 0 ,   CHCl3:MeOH  ( 9 5 : 5 ) .  

d.  3 ( R S ) - 1 - ( 6 - P h e n y l s u l f o n y l a m i n o - 1 - o x o h e x y l ) - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 =  

Ø S ( O 2 ) N H ( C H 2 ) 5 ,   A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   o f   E x a m p l e   8b,   t h e   p r o d u c t  

of   E x a m p l e   50c  was  o x i d i z e d   to   a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t 2 O : h e x a n e   ( 3 : 1 )  

f o l l o w e d   by  a  s e c o n d   c o l u m n   u s i n g   CHCl3:MeOH  ( 9 7 : 3 ) ) ,  

t h e   t i t l e   p r o d u c t   ( 3 6 % ) ;   HPLC,  t R = 8 . 4 8  &   1 0 . 3 3 ,   CH3CN: 

H2O  ( 3 5 : 6 5 ) ,   F R = 2 . 0 .  

E x a m p l e   5 1  

3 ( R S ) - ( 1 - N a p h t h y l c a r b o n y l ) - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 1 - n a p h t h y l ,   R 4 = H ,  

A=CO,  n = I )  

a.  2 ( R S ) , 3 ( S R ) - ( l - N a p h t h y l c a r b o n y l ) - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

C H ( C H 3 ) 2 ,   R 3 = 1 - n a g h t h y l ,   R4=H,  A=CO,  n = l ) .  

A c c o r d i n g   to  t h e   m e t h o d   of  E x a m p l e   2 0 a ,  

m a t e r i a l   p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  w a s  
a l l o w e d   to  r e a c t   w i t h   1 - n a p h t h a l e n e c a r b o n y l c h l o r i d e  

to  p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   38%  y i e l d  



a f t e r   p u r i f i c a t i o n   by  p r e p a r a t i v e   TLC  ( h e x a n e : E t 2 O  
( 4 : 6 ) ) ;   TLC,  R f = 0 . 4 6  &   0 . 4 1 ,   MeOH:CHC13  ( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 H 3 2 F 3 N 3 O 4 :   C,  6 0 . 3 2 ;   H,  6 . 3 7 ;   N,  7 . 8 2  

F o u n d :   C,  6 0 . 8 9 ;   H,  6 . 2 1 ;   N,  7 . 6 8  

b.  3 ( R S ) - ( 1 - N a p h t h y l c a r b o n y l ) - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) 2 ,  R 3 = 1 -  

n a p h t h y l ,   R4=H,  A=CO,  n = l ) .  

A  s o l u t i o n   of   DMSO  ( 2 9 . 7   g,  380  mmol)  i n  

CH2Cl2  (81  ml)   was  a d d e d   s l o w l y   to  a  p r e c o o l e d   s o l u -  

t i o n   ( - 4 3 ° )   of   o x a l y l   c h l o r i d e   ( 2 4 . 0   g,  190  mmol)  i n  

CH2Cl2  (350  m l ) ,   and   t h e   r e s u l t i n g   s o l u t i o n   w a s  

s t i r r e d   f o r   15  min  b e f o r e   a  s o l u t i o n   of   t h e   p r o d u c t  

of   E x a m p l e   51b  ( 9 . 4   mmol)  in   CH2Cl2  (83  ml)  was  a d d e d .  

A f t e r   t h e   r e a c t i o n   h a d   b e e n   s t i r r e d   1  h r   a t   - 3 0 ° ,   d i -  

i s o p r o p y l e t h y l a m i n e   ( 4 8 . 9   g,  380  mmol)  was  a d d e d   d r o p -  

w i s e ;   and  t h e   r e a c t i o n   m i x t u r e   was  a l l o w e d   to  warm  t o  

room  t e m p e r a t u r e   b e f o r e   i t   was  w a s h e d   (1N  HC1,  5%  a q  

NaOCl ,   b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   and  c o n c e n -  

t r a t e d   u n d e r   v a c u u m .   The  r e s i d u e   was  p u r i f i e d   b y  

p r e p a r a t i v e   TLC  ( h e x a n e : E t 2 0   ( 4 0 : 6 0 ) )   to  a f f o r d   t h e  

t i t l e   p r o d u c t   ( 38%) ;   HPLC,  t R = 5 . 2 1   &  7 . 3 1 ,   C o l .   A ,  

CH3CN:H2O:TFA  ( 5 0 : 5 0 : 0 . 1 ) ,   F R = 1 . 5 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 H 3 2 F 3 N 3 O 4 . 0 . 7 5 H 2 O :   C,  6 0 . 3 2 ;   H,  6 . 3 7 ;   N,  7 . 8 2  

F o u n d :   C,  6 0 . 6 9 ;   H,  6 . 2 1 ;   N,  7 . 6 8  



E x a m p l e   5 2  

3 ( R S ) - [ 4 - ( M e t h y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l a m i n o c a r -  

b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

C H ( C H 3 ) 2 ,   R 3 = 4 - [ C H 3 S ( O 2 ) N H C O ] Ø ,   R4=H,  A=NHCO,  n = 1 )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   89 ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   16  w a s  

a l l o w e d   to  r e a c t   w i t h   m e t h a n e   s u l f o n a m i d e   to   p r o v i d e ,  

a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   o v e r   B a k e r  

pH  5 . 0   s i l i c a   g e l   ( g r a d i e n t ,   CHCl3:MeOH  ( 9 7 : 3 )   t o  

( 9 0 : 1 0 ) ) ,  t h e   t i t l e   p r o d u c t   ( 5 9 % ) ,   HPLC,  t R = 2 . 6 0   & 

3 . 3 3 ,   Col   C,  H2O:CH3CN  ( 6 0 : 4 0 ) ,   F R = 6 . 0 .  

A n a l y s i s  c a l c u l a t e d   f o r :  

C 2 5 H 3 4 F 3 N 5 O 7 S . 0 . 5 H 2 O :   C,  4 8 . 8 5 ;   H,  5 . 7 4 ;   N,  1 1 . 3 9  

F o u n d :   C,  4 9 . 0 3 ;   H,  5 . 7 4 ;   N,  1 0 . 8 6  

E x a m p l e   5 3  

3 ( R S ) - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) 1 - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 4 - m o r p h o -  

l i n y l - C H 2 C H 2 ,   R4=H,  A=OCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 , - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1=  

CH(CH3)CH3,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 4 - m o r p h o l i n y l - C H 2 C H 2 ,  
R4=H,  A=OCO,  n = l ) .  



U s i n g   t h e   m e t h o d   of  E x a m p l e   7b,   m a t e -  

r i a l   p r e p a r e d   by  t h e   p r o c e d u r e   of  E x a m p l e   3d  w a s  

a l l o w e d   to  r e a c t   w i t h   m a t e r i a l   p r e p a r e d   by  t h e   p r o c e -  
d u r e   of   E x a m p l e   33a  to  p r o v i d e   t h e   named   c o m p o u n d ,  

i s o l a t e d   in   55%  y i e l d   a f t e r   p u r i f i c a t i o n   by  f l a s h  

c h r o m a t o g r a p h y   (MeOH:CHC13  ( 2 . 5 : 9 7 . 5 ) ) ;   HPLC,  t R = 4 . 6 2  
&  5 . 8 5 ,   C o l .   A,  CH3CN:H2O  ( 1 : 1 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 9 F 3 N 4 O 6 . H 2 O :   C,  5 0 . 9 1 ;   H,  7 . 6 1 ;   N,  1 0 . 3 2  

F o u n d :   C,  5 0 . 9 5 ;   H,  7 . 2 0 ;   N,  1 0 . 0 2  

b.   3 ( R S ) - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

C H ( C H 3 ) 2 ,   R 3 = 4 - M o r p h o l i n y l - C H 2 C H 2 ,   R4=H,  A=OCO, 

n = l ) .  

A  s o l u t i o n   o f   DMSO  ( 2 9 . 7   g,  380  mmol)  i n  

CH2Cl2  (135  ml)   was  a d d e d   to  a  p r e c o o l e d   ( - 4 3 ° )   s o l u -  

t i o n   of   o x a l y l   c h l o r i d e   ( 2 4 . 0   g,  190  mmol)  in   C H 2 C l 2  
(350  ml)   and  t h e   r e s u l t i n g   s o l u t i o n   was  s t i r r e d   f o r   15  

m i n .   b e f o r e   a  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   5 3 a  

( 9 . 4   mmol)  in   CH2Cl2  (125  ml)   was  a d d e d .   The  r e a c t i o n  

m i x t u r e   was  a l l o w e d   to  warm  f r o m   - 4 3 °   to  - 20°   as  i t  

was  s t i r r e d   f o r   one  h o u r ;   t h e n   d i i s o p r o p y l e t h y l a m i n e  

( 4 8 . 9   g,  380  mmol)  was  a d d e d   d r o p w i s e   and  t h e   r e a c t i o n  

m i x t u r e   was  a l l o w e d   to  warm  to  room  t e m p e r a t u r e   b e f o r e  

i t   was  f u r t h e r   d i l u t e d   w i t h   C H 2 C l 2 ,   w a s h e d   (aq  NaOH  o f  

p H = 1 0 ) ,   d r i e d   ( K 2 C O 3 / N a 2 S O 4 )   and  c o n c e n t r a t e d   u n d e r  

v a c u u m .   The  r e s i d u e   was  p u r i f i e d   by  f l a s h   c h r o m a t o -  

g r a p h y   (MeOH:CHCl3  ( 2 : 9 8 ) )   to  a f f o r d   t h e   t i t l e   p r o d u c t  



( 1 8 % ) ;   HPLC,  t R = 2 . 0 0   &  2 . 6 0 ,   C o l .   A,  H2O:CH3CN  ( 1 : 1 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 7 F 3 N 4 O 6 . 1 . 5 H 2 O :   C,  5 0 . 2 6 ;   H,  7 . 3 4 ;   N,  1 0 . 1 9  

F o u n d :   C,  5 0 . 4 9 ;   H,  6 . 9 6 ;   N,  9 . 9 6  

E x a m p l e   5 4  

3 ( R S ) - [ ( 2 , 4 - D i c h l o r o p h e n y l ) c a r b o n y l ) ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) 1 - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 2 , 4 - d i -  

c h l o r o Ø ,   R4=H,  A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - [ ( 2 , 4 - D i c h l o r o p h e n y l ) c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 )  

CH3,  R 2 = C H ( C H 3 ) 2 ,  R 3 = 2 , 4 - d i c h l o r o Ø ,   R4=H,  A=CO,  

n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   2 0 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   o f   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   2 , 4 - d i c h l o r o b e n z o y l   c h l o r i d e   to   p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   i n   98%  y i e l d ;   TLC,  R f = 0 . 5 4 ,  

M e O H : C H C l 3  ( 5 : 9 5 ) .  

b.  3 ( R S ) - [ ( 2 , 4 - D i c h l o r o p h e n y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) 2 ,  
R 3 = 2 , 4 - d i c h l o r o Ø ,   R4=H,  A=CO,  n = 1 ) .  



A  s o l u t i o n   of   DMSO  ( 2 9 . 7   g,  380  mmol)  i n  

CH2Cl2  (27  ml)   was  a d d e d   s l o w l y   to  a  p r e c o o l e d   ( - 6 5 ° )  

s o l u t i o n   of  o x a l y l   c h l o r i d e   ( 2 4 . 0   g,  190  mmol)  i n  

CH2Cl2  (350  m l ) ,   and  t h e   r e s u l t i n g   s o l u t i o n   w a s  

s t i r r e d   f o r   15  min   b e f o r e   a  s o l u t i o n   of   t h e   p r o d u c t  

p r e p a r e d   by  t h e   m e t h o d   of   E x a m p l e   54a   ( 9 . 4   mmol)   i n  

CH2Cl2  (250  ml)   was  a d d e d .   A f t e r   t h e   r e a c t i o n   h a d  

b e e n   s t i r r e d   f o r   1  h r   a t   - 6 5 ° ,   d i i s o p r o p y l e t h y l a m i n e  

( 4 8 . 9   g,  380  mmol)   was  a d d e d   d r o p w i s e ;   and  t h e   r e a c t i o n  

m i x t u r e   was  a l l o w e d   to  warm  to  room  t e m p e r a t u r e   b e f o r e  

i t   was  w a s h e d   (1N  HC1,  b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l -  

t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m .   The  r e s i d u e   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHCl3  ( 3 : 9 7 ) )  

to  a f f o r d   t h e   t i t l e   p r o d u c t   ( 1 5 % ) ;   HPLC,  t R = 1 7 . 9 3   & 

1 8 . 5 5 ,   C o l .   A,  H2O:CH3CN  ( 5 5 : 4 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 2 8 C l 2 F 3 N 3 O 4 . H 2 O :   C,  4 9 . 6 5 ;   H,  5 . 4 3 ;   N,  7 . 5 5  

F o u n d :   C,  4 9 . 9 5 ;   H,  5 . 3 1 ;   N,  7 . 3 5  

E x a m p l e   5 5  

3 ( R S ) - P h e n o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1= 

CH(CH3)CH3,   R 2 = C H ( C H 3 ) 2 ,   R3=Ø,  R4=H ,  A=OCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - P h e n o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) 2 ,   R 3 = Ø ,  

R4=H,  A=OCO,  n = l ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   2 0 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   p h e n y l   c h l o r o f o r m a t e   to   p r o v i d e   t h e   t i t l e  

c o m p o u n d ,   i s o l a t e d   in   61%  y i e l d   a f t e r   p u r i f i c a t i o n   b y  
f l a s h   c h r o m a t o g r a p h y   (MeOH:CHC13  ( 5 : 9 5 ) ) ;   TLC,  R f = 0 . 3 1  
&  0 . 3 6 ,   MeOH:CHC13  ( 3 : 9 7 ) .  

b.  3 ( R S ) - P h e n o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2 ,   R3=Ø,  R 4 = H ,  

A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   54b ,   t h e   p r o d u c t  
of   E x a m p l e   55a   was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  
t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( h e x a n e : E t 2 0   ( 1 5 : 8 5 ) ) ,  
t h e   t i t l e   p r o d u c t   ( 3 7 % ) ;   HPLC,  t R = 2 . 7 2   &  3 . 5 5 ,   Col  A ,  

H2O:CH3CN  ( 1 : 1 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 3 N 3 O 5 . 0 . 5 H 2 O :   C,  5 5 . 8 6 ;   H,  6 . 3 2 ;   N,  8 . 5 0  

F o u n d :   C,  5 6 . 0 7 ;   H,  6 . 3 0 ;   N,  8 . 4 8  

E x a m p l e   5 6  

3 ( R S ) - [ 2 - ( 2 - P y r i d y l ) e t h o x y c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 2 - p y r i d y l -  

CH2CH2,  R4=H,  A=OCO,  n = 1 )  



a.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 2 - P y r i d y l ) e t h o x y c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

C H ( C H 3 ) 2 ,   R 3 = 2 - p y r i d y l - C H 2 C H 2 ,  R 4 = H ,   A=O,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   34b ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   m a t e r i a l   p r e p a r e d   by  t h e   p r o c e d u r e   o f  

E x a m p l e   34a   to  p r o v i d e   t h e   named   c o m p o u n d ,   i s o l a t e d   i n  

50%  y i e l d   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CHCl3  ( 4 : 9 6 ) ) ;   TLC,  R f = 0 . 3 0  &   0 . 3 4 ,   C H C l 3 : M e O H  
( 9 5 : 5 ) .  

b.  3 ( R S ) - [ 2 - ( 2 - P y r i d y l ) e t h o x y c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) 2 ,  

R 3 = 2 - p y r i d y l - C H 2 C H 2 ,  R 4 = H ,   A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   54b ,   w i t h   o m i s -  

s i o n   of   t h e   a c i d   w a s h ,   t h e   p r o d u c t   of  E x a m p l e   56a  w a s  

o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a t i o n   by  f l a s h  

c h r o m a t o g r a p h y   t w i c e   ( h e x a n e : E t 2 O   ( 1 : 1 ) ,   t h e n   MeOH: 

CHC13  ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   (19%) ;   HPLC,  t R = 9 . 5 2  
&  1 4 . 5 8 ,   C o l . A ,   H2O:CH3CN  ( 6 0 : 4 0 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 3 F 3 N 4 O 5 - 0 . 7 5 H 2 O :   C,  5 4 . 5 9 ;   H,  6 . 5 8 ;   N,  1 0 . 6 1  

F o u n d :   C,  5 4 . 6 3 ;   H ,  6 . 4 7 ;   N,  1 0 . 5 5  



E x a m p l e   5 7  

3 ( R S ) - [ ( 4 - F l u o r o p h e n y l ) a m i n o c a r b o n y l ) ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2   R3=4-FØ  R 4 = H ,  

A = N H C O , n = l )  

a.  2 ( R S ) , 3 ( S R ) - [ ( 4 - F l u o r o p h e n y l ) a m i n o c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) -  

CH3,  R 2 = C H ( C H 3 ) 2 ,   R 3 = 4 - F Ø ,   R4=H,  A=NHCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   1 5 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   4 - f l u o r o p h e n y l i s o c y a n a t e   to   p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   in   84%  y i e l d   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t ,   M e O H : C H C l 3  
( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) ) ;   TLC,  R f = 0 . 3 7 ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

b.  3 ( R S ) - [ ( 4 - F l u o r o p h e n y l ) a m i n o c a r b o n y l ) - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a -  

m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) 2   R 3 =  

4 -FØ,   R4=H,  A=NHCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   5 4 b ,   t h e   p r o d u c t  
of  E x a m p l e   57a   was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  
t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHCl3  ( 3 : 9 7 ) )   t h e  



t i t l e   p r o d u c t   ( 42%) ;   HPLC,  t R = 8 . 8 7   &  1 2 . 1 0 ,   Col  A ,  

HZO:CH3CN  ( 6 0 : 4 0 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 4 N 4 O 4 :   C,  5 4 . 9 7 ;   H,  6 . 0 2 ;   N,  1 1 . 1 5  

F o u n d :   C,  5 5 . 1 8 ;   H,  6 . 1 5 ;   N,  1 1 . 0 8  

E x a m p l e   58  

3 ( R S ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l a m i n o c a r -  

b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

CH(CH3)2   R 3 = 4 - [ Ø S ( O 2 ) N H C O ] Ø ,   R4=H,  A=NHCO,  n = l )  

U s i n g   t h e   m e t h o d   of  E x a m p l e   89,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   16  w a s  

a l l o w e d   to  r e a c t   w i t h   b e n z e n e   s u l f o n a m i d e   to  p r o v i d e ,  

a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   on  B a k e r   pH 

5 .0   s i l i c a   g e l   (CHCl3:MeOH  ( 9 7 : 3 ) ) ,   t h e   t i t l e   p r o d u c t  

( 4 2 % ) ;   HPLC,  tR=  4 . 0 5   &  5 . 9 3 ,   Col  C,  H2O:CH3CN  ( 6 0 : 4 0 ) ,  

F R = 6 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 6 F 3 N 5 O 7 . 0 . 5 H 2 O :   C,  5 3 . 2 5 ;   H,  5 . 5 1 ;   N,  1 0 . 3 4  

F o u n d :   C,  5 3 . 3 8 ;   H,  5 . 6 1 ;   N,  1 0 . 0 2  

E x a m p l e   59  

3 ( R S ) - [ 2 - ( 3 - T h i o p h e n y l ) e t h o x y c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,  R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2  R 3 = 3 - t h i o p h e n -  

y l - C H 2 C H 2 ,   R4=H,  A=OCO,  n = 1 )  



a.  4 - N i t r o p h e n y l   2 - ( 3 - t h i o p h e n y l ) e t h y l   c a r b o n a t e .  

U s i n g   t h e   m e t h o d   o f   E x a m p l e   7a ,   3 - t h i o p h e n e -  
e t h a n o l   was  t r e a t e d   w i t h   4 - n i t r o p h e n y l   c h l o r o f o r m a t e  

to  a f f o r d ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

( E t O A c : h e x a n e   ( 1 : 9 ) ) ,   t h e  t i t l e   p r o d u c t   ( 5 6 % ) ;   T L C ,  

R f = 0 . 2 5 ,   E t O A c : h e x a n e   ( 1 : 9 ) .  

b.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 3 - T h i o p h e n y l ) e t h o x y c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 =  

CH(CH3)CH3 ,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 3 - t h i o p h e n y l - C H 2 C H 2 ,  
R4=H,  A=0,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7b,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   t h e   p r o d u c t   of  E x a m p l e   59a   to  p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   in   58%  y i e l d   a f t e r   p u r f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e :   h e x a n e   ( 3 : 7 ) ) ;  

TLC,  R f = 0 . 2 3   &  0 . 2 7 ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 4 F 3 N 3 0 5 S :   C,  5 2 . 9 6 ;   H,  6 . 5 7 ;   N,  8 . 0 6  

F o u n d :   C,  5 3 . 2 8 ;   H,  6 . 4 6 ;   N,  7 . 7 7  

c.  3 ( R S ) - [ 2 - ( 3 - T h i o p h e n y l ) e t h o x y c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a  I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) 2 ,  

R 3 = 3 - t h i o p h e n y l - C H 2 C H 2 ,  R 4 = H ,   A=OCO,  n = l ) .  

A  s o l u t i o n   of   DMSO  ( 2 9 . 7   g,  380  mmol)  i n  

CH2Cl2  (135  ml)  was  a d d e d   s l o w l y   to  a  p r e c o o l e d   ( - 4 3 ° )  



s o l u t i o n   of   o x a l y l   c h l o r i d e   ( 2 4 . 0   g,  190  mmol)  i n  

CH2Cl2  (350  m l ) .   The  r e s u l t i n g   s o l u t i o n   was  s t i r r e d  

15  min   b e f o r e   a  s o l u t i o n   of   m a t e r i a l   p r e p a r e d   by  t h e  

m e t h o d   of   E x a m p l e   59b  ( 9 . 4   mmol)  in   CH2Cl2  (125  m l )  

was  a d d e d   and  t h e   r e a c t i o n   was  s t i r r e d   a t   - 4 3 °   f o r   a n  
a d d i t i o n a l   h o u r .   D i i s o p r o p y l e t h y l a m i n e   ( 4 8 . 9   g,  3 8 0  

mmol)   was  a d d e d   d r o p w i s e ,   and  t h e   r e a c t i o n   m i x t u r e  

was  a l l o w e d   to  warm  to  room  t e m p e r a t u r e   b e f o r e   i t   w a s  

w a s h e d   (1N  aq  HC1,  5%  aq  NaOCl ,   b r i n e ) ,   d r i e d  

( N a 2 S 0 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m .  

P u r i f i c a t i o n   of  t h e   r e s i d u e   by  f l a s h   c h r o m a t o g r a p h y  

( a c e t o n e : h e x a n e   ( 1 : 4 ) )   a f f o r d e d   t h e   t i t l e   p r o d u c t  

( 2 3 % ) ;   HPLC,  t R = 5 . 0 9   &  7 . 6 1 ,   Col  A,  H2O:CH3CN  ( 1 : 1 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 2 F 3 N 3 0 5 S :   C,  5 3 . 1 7 ;   H,  6 . 2 1 ;   N,  8 . 0 9  

F o u n d :   C,  5 2 . 9 2 ;   H,  6 . 2 6 ;   N,  8 . 0 9  

E x a m p l e   60  

3 ( R S ) - ( I , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - L - @ - a m i n o b u t y r y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 2 C H 3 ,   R 3 =  

C H 3 C ( C H 3 ) 2 ,   R4=H,  A=OCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - L - a - a m -  

i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R l =  

C H ( C H 3 ) C H 3 , R 2 = C H 2 C H 3 , R 3 = C H 3 C ( C H 3 ) 2 , R 4 = H ,   A=OCO, 

n = 1 ) .  



DCC  ( 5 . 9 0   g,  2 8 . 7   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   o f   HOBT  ( 7 . 7 6   g,  5 7 . 4   m m o l ) ,   B O C - a -  

a m i n o b u t a n o i c   a c i d   ( 5 . 6 0   g,  2 7 . 4   m m o l ) ,   and  m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   2b  ( 7 . 0 0   g,  2 6 . 1  

mmol)  i n  d r y   THF  (130  ml)   a t   0°  u n d e r   n i t r o g e n .   A f t e r  

t h e   r e s u l t i n g   r e a c t i o n   m i x t u r e   h a d   b e e n   s t i r r e d   a t   0 °  

f o r   1  h r ,   i t   was  a l l o w e d   to  warm  to  room  t e m p e r a t u r e  

a n d  w a s   s t i r r e d   o v e r n i g h t .   The  r e a c t i o n   m i x t u r e   w a s  

f i l t e r e d ;   and   t h e   f i l t r a t e   was  c o n c e n t r a t e d   u n d e r  

v a c u u m   to  a  r e s i d u e   w h i c h   was  r e d i s s o l v e d   in   E t O A c .  

T h e  r e s u l t i n g   s o l u t i o n   was  w a s h e d   s a t d   NaHCO3  b r i n e ) ,  

d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   and   c o n c e n t r a t e d   u n d e r  

v a c u u m   to  a  r e s i d u e   w h i c h   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   ( E t O A c : C H 2 C l 2   ( 1 : 3 ) )   to   g i v e   t h e   t i t l e  

c o m p o u n d   ( 9 5 % ) ;   TLC,  R f = 0 . 2 9 ,   E t O A c : C H 2 C l 2  ( 3 : 7 ) .  

b.  3 ( R S ) - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - L - @ - a m i n o b u t y r -  

y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

C H 2 C H 3 ,  R 3 = C H 3 C ( C H 3 ) 2 ,   R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c   t h e   p r o d u c t  
of   E x a m p l e   60a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i -  

c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHC13  ( 1 . 5 : 9 8 . 5 ) ,  

t h e   t i t l e   p r o d u c t   ( 4 7 % ) ;   HPLC,  t R = 1 0 . 2 1   &  1 4 . 5 4 ,   C o l  

A,  H2O:CH3CN  ( 6 5 : 3 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 0 H 3 2 F 3 N 3 O 5 :   C,  5 3 . 2 1 ;   H,  7 . 1 4 ;   N,  9 . 3 1  

F o u n d :   C,  5 3 . 6 5 ;   H,  7 . 2 1 ;   N,  9 . 5 1  



E x a m p l e   6 1  

3 ( R S ) - [ 1 - O x o - 2 - ( 2 - t h i o p h e n y l ) e t h y l ] - L - @ - a m i n o b u t y r y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH2CH3,  R 3 = ( 2 -  

t h i o p h e n y l ) C H 2 ,   R  =H,   A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

t r i f l u o r o a c e t i c   a c i d   s a l t   ( F o r m u l a   IVb,   R  =  

CH(CH3)CH3,   R 2 = C H 2 C H 3 ,  R 4 = H ,   n = l ) .  

A  s o l u t i o n   of   m a t e r i a l   p r e p a r e d   b y  t h e  

p r o c e d u r e   of   E x a m p l e   60a  ( 4 . 0   g,  8 . 8 4   mmol)  and  TFA 

(32  ml ,   415  mmol)  in   C H 2 C l 2  ( 3 2   ml)  was  s t i r r e d   a t  

room  t e m p e r a t u r e   f o r   22  hr   b e f o r e   t h e   s o l v e n t s   w e r e  

r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e   to  a f f o r d   t h e   c r u d e  

p r o d u c t   (5  g,  >100%)  as  a  c o l o r l e s s   g l a s s   w h i c h   w a s  

u s e d   w i t h o u t   f u r t h e r   p u r i f i c a t i o n   or  c h a r a c t e r i z a t i o n .  

b.  2 ( R S ) , 3 ( S R ) - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R2=CH2CH3,  R 3 = ( 2 - t h i o p h e n y l ) C H 2 ,   R4=  

H,  A=CO,  n = 1 ) .  

DCC  ( 0 . 3 1 5   g,  1 . 5 3   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   of   HOBT  ( 0 . 4 1 3   g,  3 . 0 6   mmol)  2 - t h i o -  

p h e n e a c e t i c   a c i d   ( 0 . 2 2 2   g,  1 . 5 3   m m o l ) ,   NMM  ( 0 . 1 5 4   g ,  
1 . 5 3   m m o l ) ,   and  m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  E x a m p l e  

61a   ( 0 . 6 5 0   g,  1 . 3 9   mmol)  in   d ry   THF  (20  ml)  a t   0 °  

u n d e r   n i t r o g e n .   A f t e r   t h e   r e s u l t i n g   r e a c t i o n   m i x t u r e  



h a d   b e e n   s t i r r e d   a t   0°  f o r   1  h r ,   i t   was  a l l o w e d   t o  

warm  to  room  t e m p e r a t u r e   and  was  s t i r r e d   o v e r n i g h t .  

The  r e a c t i o n   m i x t u r e   was  f i l t e r e d ;   and   t h e   f i l t r a t e  

was  c o n c e n t r a t e d   u n d e r   v a c u u m   to  a  r e s i d u e   w h i c h   w a s  
d i s s o l v e d   in   E tOAc .   The  r e s u l t i n g   s o l u t i o n   was  w a s h e d  

( b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   and   c o n c e n t r a t e d  

u n d e r   v a c u u m   to  a  r e s i d u e   w h i c h   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   ( a c e t o n e : h e x a n e   ( 1 : 1 ) )   to  g i v e   of   t h e  

t i t l e   c o m p o u n d   ( 3 3 % ) ;   TLC,  R f = 0 . 4 0  &   0 . 4 4 ,   MeOH:CHC13  
( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 3 0 F 3 N 3 O 4 S :   C,  5 2 . 8 2 ;   H,  6 . 3 3 ;   N,  8 . 8 0  

F o u n d :   C,  5 2 . 4 3 ;   H,  6 . 5 3 ;   N,  8 . 0 8  

c.  3 ( R S ) - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R2=CH2CH3,  R 3 = ( 2 - t h i o p h e n y l ) C H 2 ,   R4=H,  A=CO,  n = 1 ) .  

To  a  s u s p e n s i o n   of   C r 0 3 ( 0 . 8 4   g,  8 . 4   m m o l )  

in   d r y   CH2Cl2  (50  ml)   was  a d d e d   d r y   p y r i d i n e   ( 1 . 3 6  

ml ,   17  m m o l ) ,   and  t h e   m i x t u r e   s t i r r e d   a t   room  t e m p e r a -  

t u r e   f o r   30  m i n .   To  t h e   r e s u l t i n g   b u r g u n d y   c o l o r e d  

s u s p e n s i o n   was  a d d e d   1  g  of   C e l i t e ®   f o l l o w e d   by  t h e  

p r o d u c t   f r o m   E x a m p l e   61b  ( 0 . 2 0   g,  0 . 4 2   mmol)   i n  

CH2Cl2  (5  m l ) .   The  m i x t u r e   was  s t i r r e d   u n t i l   TLC 

i n d i c a t e d   a l l   t h e   a l c o h o l   was  c o n s u m e d .   The  m i x t u r e  

was  t h e n   f i l t e r e d   t h r o u g h   a  pad   o f   s i l i c a   g e l   w i t h  

m e t h a n o l : c h l o r o f o r m   ( 1 : 9 )   and  t h e   s o l v e n t s   r e m o v e d  

f r o m   t h e   f i l t r a t e   u n d e r   v a c u u m .   The  c r u d e   p r o d u c t  

was  p u r i f i e d   by  p r e p a r a t i v e   TLC  (MeOH:CHC13  ( 5 : 9 5 ) )  

to  a f f o r d   t h e   p r o d u c t   (150  mg)  as  a  w h i t e   s o l i d ;  



HPLC,  t R = 4 . 1 8   &  5 . 6 5 ,   Col  A,  H2O:CH3CN  ( 6 0 : 4 0 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 2 8 F 3 N 3 O 4 S . O . 5 H 2 O :   C,  5 2 . 0 6 ;   H,  6 . 0 3 ;   N,  8 . 6 7  

F o u n d :   C,  5 2 . 0 3 ;   H,  6 . 1 9 ;   N,  8 . 3 8  

E x a m p l e   6 2  

3 ( R S ) - ( P h e n y l m e t h o x y c a r b o n y l ) - L - a - a m i n o b u t y r y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 8 ) C H 3 ,   R2=CH2CH3 R3=ØCH2,   R 4 = H ,  

A=OCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - ( P h e n y l m e t h o x y c a r b o n y l ) - L - a - a m i n o b u t -  

y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1= 

CH(CH3)CH3,   R2=CHZCH3  R3=ØCH2,  R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   2 0 a ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   61a  w a s  

a l l o w e d   to  r e a c t   w i t h   1 .5   e q u i v a l e n t s   of   b e n z y l  

c h l o r o f o r m a t e   in   o n e - f o u r t h   t h e   a m o u n t   of  CHC13  u s e d  

in   t h e   m e t h o d   of   E x a m p l e   20a  to  p r o d u c e   t h e   t i t l e   c o m -  

p o u n d ,   i s o l a t e d   in   51%  y i e l d   a f t e r   p u r i f i c a t i o n   b y  

f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e : h e x a n e   ( 1 : 4 ) ) ;   T L C ,  

R f = 0 . 3 8  &   0 . 4 3 ,   a c e t o n e : h e x a n e   ( 4 0 : 6 0 ) .  

b.   3 ( R S ) - ( P h e n y l m e t h o x y c a r b o n y l ) - L - a - a m i n o b u t y r y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l -  

i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH2CH3,  R3= 

ØCH2,  R4=H,  A=OCO,  n = 1 ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   61c  t h e   p r o d u c t  
of   E x a m p l e   62a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e :   h e x a n e   ( 3 0 : 7 0 ) ) ,  

t h e   t i t l e   p r o d u c t   ( 64%) ;   HPLC,  t R = 5 . 6 9   &  7 . 7 5 ,   Col   A ,  

H2O:CH3CN  ( 5 5 : 4 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 3 N 3 O 5 . 0 . 8 0 H 2 O :   C,  5 5 . 2 6 ;   H,  6 . 3 7 ;   N,  8 . 4 0  

F o u n d :   C,  5 5 . 1 0 ;   H,  6 . 1 9 ;   N,  8 . 7 7  

E x a m p l e   6 3  

3 ( R S ) - ( P h e n o x y c a r b o n y l ) - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u -  

la   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH2CH3,  R3=Ø,  R 4 = H ,  A = O C O ,  

n = l )  

a.  2 ( R S ) , 3 ( S R ) - ( P h e n o x y c a r b o n y l ) - L - a - a m i n o b u t y r y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

CH2CH3,  R3=Ø,  R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   2 0 a ,   b u t   u s i n g  

NMM  i n s t e a d   of   TEA,  m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  t h e  

p r o c e d u r e   of   E x a m p l e   61a  was  a l l o w e d   to  r e a c t   w i t h   1 . 5  

e q u i v a l e n t s   of   p h e n y l   c h l o r o f o r m a t e   to  p r o d u c e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   i n   18%  y i e l d   a f t e r   p u r i -  

f i c a t i o n   by  p r e p a r a t i v e   TLC  ( a c e t o n e : h e x a n e   ( 3 : 7 ) ) ;  

TLC,  R f = 0 . 3 2   &  0 . 3 7 ,   a c e t o n e : h e x a n e   ( 3 : 7 ) .  



b.  3 ( R S ) - ( P h e n o x y c a r b o n y l ) - L - a - a m i n o b u t y r y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH2CH3,  R 3 = 0 ,  

R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c ,   t h e   p r o d u c t  

of   E x a m p l e   63a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i -  

c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t O A c :   h e x a n e   ( 1 : 9 ) ) ,  

t h e   t i t l e   p r o d u c t   (60%) ;   HPLC,  t R = 4 . 5 7   &  6 . 5 1 ,   Col   A ,  

H2O:CH3CN  ( 5 5 : 4 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 2 8 F 3 N 3 O 5 :   C,  5 6 . 0 4 ;   H,  5 . 9 8 ;   N,  8 . 9 0  

F o u n d :   C,  5 6 . 0 4 ;   H,  6 . 1 8 ;   N,  8 . 8 5  

E x a m p l e   6 4  

3 ( R S ) - [ 4 - ( 1 - O x o e t h y l a m i n o ) p h e n y l s u l f o n y l ] - L - v a l y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,   R3= 

4 - ( C H 3 C O N H ) Ø ,   R4=H,  A = S ( O 2 ) ,   n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - [ 4 - ( 1 - O x o e t h y l a m i n o ) p h e n y l s u f o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  V I I b ,   R  =  

CH(CH3)CH3,   R 2 = C H ( C H 3 ) C H 3 ,   R 3 = 4 - ( C H 3 C O N H ) Ø ,  R 4 = H ,  

A = S ( 0 2 ) ,   n = 1 ) .  

To  a  s t i r r e d   s o l u t i o n   of   m a t e r i a l   p r e p a r e d  

a c c o r d i n g   to  E x a m p l e   3d  ( 1 . 0 0   g,  2 . 7 2   mmol)  and  NMM 

( 0 . 2 8   g,  0 . 3 0   ml ,   2 . 8 0   mmol)  in   CH2Cl2  (50  ml)  u n d e r  

N2  was  a d d e d   4 - a c e t a m i d o b e n z e n e s u l f o n y l   c h l o r i d e   ( 0 . 6 4  



g,  2 . 7 2   m m o l ) .   A f t e r   s t i r r i n g   t h e   r e a c t i o n   m i x t u r e  

o v e r n i g h t   a t   room  t e m p e r a t u r e ,   t h e   s o l u t i o n   was  w a s h e d  

(5%  aq  c i t r i c   a c i d ,   b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,  

and  c o n c e n t r a t e d   to  l e a v e   an  o r a n g e   s y r u p   w h i c h   w a s  

f l a s h   c h r o m a t a g r a p h e d   o v e r   s i l i c a   g e l   (350  g)  (MeOH: 

CHC13  ( 7 : 9 3 ) )   to  g i v e   t h e   t i t l e   p r o d u c t   (810  m g ,  
5 2 . 6 0 % ) ;   TLC,  R f = 0 . 3 4   &  0 . 4 5 ,   MeOH:CHCl3  ( 7 : 9 3 ) .  

b.  3 ( R S ) - [ 4 - ( 1 - O x o e t h y l a m i n o ) p h e n y l s u f o n y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

C H ( C H 3 ) C H 3 ,  R 3 = 4 - ( C H 3 C O N H ) Ø ,   R4=H,  A = S ( 0 2 ) ,   n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   31c ,   t h e   p r o d u c t  

of   E x a m p l e   64a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHC13  ( 5 : 9 5 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 8 4 % ) ;   HPLC,  t R = 3 . 2 2   &  4 . 5 8 ,   Col  A ,  

CH3CN:H20  ( 4 0 : 6 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 3 F 3 N 4 O 6 S . H 2 O :   C,  4 9 . 6 5 ;   H,  6 . 0 8 ;   N,  9 . 6 5  

F o u n d :   C,  4 9 . 7 3 ;   H,  5 . 8 6 ;   N,  9 . 5 3  

E x a m p l e   6 5  

3 ( R S ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - N 6 - p h e n y l m e t h -  

o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R2 =0CH2OCONH(CH2)4,   R 3 = ( C H 3 ) C ,   R4 =H,  A=OCO,  n = 1 )  



a.  2 ( R S ) , 3 ( S R ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - N ° -  

p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = 0 C H 2 O C O N H ( C H 2 ) 4 '  

R 3 = ( C H 3 ) 3 C ,   R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   8 4 b ,   N 2 - B O C - N 6 -  

C B Z - L - l y s i n e   was  a l l o w e d   to  r e a c t   w i t h   m a t e r i a l   p r e -  

p a r e d   by  t h e   m e t h o d   of   E x a m p l e   2b  to  p r o v i d e ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u -  

t i o n ,   MeOH:CHC13  ( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o -  
d u c t   ( 7 3 % ) ;   TLC,  R f = 0 . 5 7 ,   MeOH:CHC13  ( 5 : 9 5 ) .  

b.  3 ( R S ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l - N 6 - p h e n y l -  

m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,  

R 1 = C H ( C H 3 ) C H 3 ,   R2=0CH2OCONH(CH2)4 ,   R 3 = ( C H 3 ) 3 C ,   R 4 =  

H,  A=OCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   31c ,   t h e   p r o d u c t  

of   E x a m p l e  6 5 a   was  o x i d i z e d   t o  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,   MeOH: 

CHCl3  ( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 6 5 % ) ;  

HPLC,  t R = 4 . 1 5   &  5 . 1 4 ,   Col  A,  H2O:CH3CN  ( 4 5 : 5 5 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 4 3 F 3 N 4 O 7 . O . 5 H 2 O :   C,  5 6 . 5 1 ;   H,  6 . 9 5 ;   N,  8 . 7 9  

F o u n d :   C,  5 6 . 4 5 ;   H,  6 . 5 8 ;   N,  8 . 4 2  



E x a m p l e   66  

3 ( R S ) - [ ( 2 - A m i n o - 5 - c h l o r o p h e n y l ) c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R1=CH(CH3)CH3 ,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 2 - N H 2 - 5 -  

C 1 - 0 ,   R4=H,  A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - [ ( 2 - A m i n o - 5 - c h l o r o p h e n y l ) c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1=  

CH(CH3)CH3,   R 2 = C H ( C H 3 ) 2 ,   R 3 = 2 - N H 2 - 5 - C l - 0 ,   R 4 = H ,  

A=CO,  n = 1 ) .  

A  s o l u t i o n   of   m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   3d  (1  g,  2 . 7   mmol)  in   CH2Cl2  (50  ml)  w a s  

t r e a t e d   w i t h   5 - c h l o r o i s o t o i c   a n h y d r i d e   ( 0 . 5 4   g,  2 . 7  

mmol)  a t   room  t e m p e r a t u r e   and  t h e   m i x t u r e   was  s t i r r e d  

o v e r n i g h t   b e f o r e   i t   was  w a s h e d   (5%  a q u e o u s   NaHCO3,  

b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   c o n c e n t r a t e d   u n d e r   v a c u u m ,   a n d  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHCl3  ( 3 : 9 7 ) )   t o  

g i v e   t h e   t i t l e   p r o d u c t   ( 1 . 4   g,  78%)  as  a  w h i t e   f o a m ;  

TLC,  Rf=  0 . 3 0   &  0 . 2 5 ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

b.  3 ( R S ) - [ ( 2 - A m i n o - 5 - c h l o r o p h e n y l ) c a r b o a y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

C H ( C H 3 ) 2 ,   R 3 = 2 - N H 2 - 5 - C l - 0 ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  

of  E x a m p l e   66a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHC13  ( 3 : 9 7 ) ) ,   t h e  



t i t l e   p r o d u c t   ( 76%) ;   HPLC,  t R  3 . 4 1   &  4 . 6 2 ,   Col   A ,  

H2O;CH3CN  ( 5 0 : 5 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 3 N 4 O 4 . H 2 O :   C,  5 1 . 4 5 ;   H,  6 . 0 1 ;   N,  1 0 . 4 3  

F o u n d :   C,  5 1 . 6 5 ;   H,  5 . 7 4 ;   N,  9 . 6 8  

E x a m p l e   67  

3 ( R S ) - ( 4 - M e t h o x y p h e n y l c a r b o n y l ) - L - a - a m i n o b u t y r y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r a - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH2CH3,  R 3 = 4 - ( C H 3 O ) - 0 ,  
R4=H,  A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - ( 4 - M e t h o x y p h e n y l c a r b o n y l ) - L - a - a m i n o -  

b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h -  

y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1= 

C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 ,   R 3 = 4 - ( C H 3 O ) - 0 ,   R4=H,  A=CO, 

n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   20a ,   m a t e r i a l  

p r e p a r e d  a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   61a  w a s  

a l l o w e d   to  r e a c t   w i t h   4 - m e t h o x y b e n z o y l c h l o r i d e   to  p r o -  
v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   34%  y i e l d   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t O A c : h e x a n e  

( 6 0 : 4 0 ) ) ,   TLC,  R f = 0 . 7 1  &   0 . 7 3 ,   MeOH:CHCl3  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 2 F 3 N 3 O 5 . 0 . 3 H 2 O :   C,  5 6 . 0 4 ;   H,  6 . 6 7 ;   N,  8 . 5 2  

F o u n d :   C,  5 6 . 0 6 ;   H,  6 . 6 0 ;   N,  8 . 1 4  



b.  3 ( R S ) - ( 4 - M e t h o x y p h e n y l c a r b o n y l ) - L - a - a m i n o b u t y r y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H 3 C H 2 ,  

R 3 = 4 - ( C H 3 O ) - 0 ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   6 1 c ,   e x c e p t   t h e  

a l c o h o l   was  d i s s o l v e d   in   f i v e   t i m e s   t h e   s o l v e n t ,   t h e  

p r o d u c t   of  E x a m p l e   67a   was  o x i d i z e d   to  a f f o r d ,   a f t e r  

p u r i f i c a t i o n   by  p r e p a r a t i v e   TLC  (MeOH:  CHCl3  ( 1 : 9 ) ) ,  

t h e   t i t l e   p r o d u c t   (40%) ;   HPLC,  t R = 8 . 8 9   &  1 1 . 7 5 ,   Col  A ,  

H2O:CH3CN  ( 7 0 : 3 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 3 N 3 O 5 . H 2 O :   C,  5 4 . 8 6 ;   H,  6 . 4 1 ;   N,  8 . 3 5  

F o u n d :   C,  5 4 . 8 9 ;   H,  6 . 3 8 ;   N,  7 . 4 8  

E x a m p l e   68. 

3 ( R S ) - [ 2 - ( T r i c y l o [ 3 . 3 . 1 . 1 3 ' 7 ] - d e c - 1 - y l ) e t h o x y c a r b o n -  

y l ] - L - a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1=  

CH(CH3)CH3,   R2=CH3CH2- ,   R 3 = ( 1 - a d a m a n t y l ) - C H 2 C H 2 ,   R 4 =  

H,  A=OCO,  n = l )  

a.  2 ( P , S ) , 3 ( S R ) - [ 2 - ( T r i c y l c o [ 3 . 3 . 1 . 1 3 ' 7 ] - d e c - 1 - y l ) e t h -  

o x y c a r b o n y l ] - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 ,  R 3 = ( 1 -  

a d a m a n t y l ) - C H 2 C H 2 ,   R4=H,  A=OCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   34b ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   61a  w a s  



a l l o w e d   to  r e a c t   w i t h   m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   7a  to   p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   i n  

42%  y i e l d   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

( E t O A c : h e x a n e   ( 2 0 : 8 0 ) ,   t h e n   ( 5 0 : 5 0 ) ) ;   TLC,  R f = 0 . 3 3   & 

0 . 4 4 ,   MeOH:CHC13  ( 5 . 9 5 ) .  

b.  3 ( R S ) - [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 ' 7 ] - d e c - 1 - y l ) e t h o x y c a r -  

b o n y l ] - L - a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,  

R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 ,   R 3 = ( 1 - a d a m a n t y l ) - C H 2 C H 2 ,  
R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   68a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t 2 O : h e x a n e   ( 5 0 : 5 0 ) ,  

t h e n   ( 9 0 : 1 0 ) ) ,   t h e   t i t l e   p r o d u c t   (66%) ;   HPLC,  t R = 4 . 6 4  
&  5 . 6 3 ,   Col  A,  H2O:CH3CN  ( 2 5 : 7 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 8 H 4 2 F 3 N 3 0 5 . 0 . 1 5 H 2 0 :   C,  6 0 . 0 1 ;   H,  7 . 6 0  

F o u n d :   C,  5 9 . 7 6 ;   H,  7 . 6 5  

E x a m p l e   6 9  

3 ( R S ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - N 6 - p h e n y l s u l -  

f o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=  

0 S ( O 2 ) N H ( C H 2 ) 4 ,   R 3 = ( C H 3 ) 3 C ,   R4=H,  A=OCO,  n = 1 )  



a.  2 ( R S ) , 3 ( S R ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - L -  

l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b , R 1 =  

CH(CH3)CH3,   R 2 = H 2 N ( C H 2 ) 4   R 3 = ( C H 3 ) 3 C ,   R4=H,  A=OCO, 

n = l ) .  

To  a  s o l u t i o n   of   m a t e r i a l   p r e p a r e d   a c c o r d i n g  

to  E x a m p l e   65a   ( 3 . 0   g,  4 .8   mmol)  in   a b s o l u t e   EtOH  ( 6 0  

ml)  was  a d d e d   10%  Pd  on  c a r b o n   ( 0 . 6   g ) .   The  r e s u l t i n g  

s u s p e n s i o n   was  s t i r r e d   o v e r n i g h t   u n d e r   an  a t m o s p h e r e  

(  P a s c a l s )   of   H2.  A d d i t i o n a l   10%  Pd  on  c a r b o n  

( 0 . 3   g)  was  a d d e d ,   and  s t i r r i n g   was  c o n t i n u e d   f o r  

s e v e r a l   h o u r s .   The  r e a c t i o n   was  f i l t e r e d   t h r o u g h  

C e l i t e ®   and  c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   t h e  

p r o d u c t   ( 2 . 4 8   g ) ,   w h i c h   was  u s e d   d i r e c t l y .  

b.  2 ( R S ) , 3 ( S R ) - N 2 - ( 1 , 1 - D i r i e t h y l e t h o x y c a r b o n y l ) - N 6 -  

p h e n y l s u l f o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I b ,   R1=CH ( CH3 ) CH3 ,  R2 =0 S (O2 )NH(CH2 )4,  R 3 =  

(CH3)3C,   R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   72b ,   e x c e p t   NMM 

was  u s e d   i n s t e a d   of   TEA,  t h e   p r o d u c t   of  E x a m p l e   6 9 a  

was  t r e a t e d   w i t h   b e n z e n e   s u l f o n y l   c h l o r i d e   to   p r o d u c e  

t h e   t i t l e   p r o d u c t ,   p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

(CHCl3:MeOH  ( 9 5 : 5 ) ) ,   in   69%  y i e l d ;   TLC,  R f = 0 . 2 9 ,  

M e O H : C H C l 3  ( 9 5 : 5 ) .  



c.  3 ( R S ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - N 6 - p h e n y l -  

s u l f o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R  =  

CH(CH3)CH3,   R 2 = 0 S ( O 2 ) N H ( C H 2 ) 4 ,   R 3 = ( C H 3 ) 3 C ,   R 4 = H ,  

A=OCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e  

p r o d u c t   of  E x a m p l e   69b  was  o x i d i z e d   to  a f f o r d ,   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u -  

t i o n ,   MeOH:CHC13  ( 0 : 1 0 0 )   to  ( 2 . 5 : 9 7 . 5 ) ) ,   t h e   t i t l e  

p r o d u c t   ( 57%) ;   H P L C ,  t R = 7 . 4 8   &  9 . 1 1 ,   Col  A,  CH3CN:H2O 
( 1 : 1 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 8 H 1 6 F 3 N 4 O 7 S  H 2 O :   C,  5 1 . 5 2 ;   H,  6 . 6 4 ;   N,  8 . 5 8  

F o u n d :   C,  5 1 . 4 7 ;   H,  6 . 4 6 ;   N,  7 . 8 0  

E x a m p l e   70  

3 ( R S ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - a - a m i n o -  

b u t a n o y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H 3 C H 2 ,  

R 3 = 4 - [ C H 3 C H 2 , O C ( 0 ) ] 0 ,   R4=H,  A=NHCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - @ - a m i n o b u t y r o y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y -  

4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R2=CH3CH2,  C H 3 = 4 - [ C H 3 C H 2 O C ( 0 ) ] 0 ,   R 4 = H ,  

A=NHCO,  n=1 )  .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   15a ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   61a  w a s  



a l l o w e d   to  r e a c t   w i t h   e t h y l   4 - i s o - c y a n a t o b e n z o a t e   t o  

p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   46%  y i e l d ;  

TLC,  R f = 0 . 5 3 ,   MeOH:CHC13  ( 5 : 9 5 ) .  

b.  3 ( R S ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - a -  

a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 =  

C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 ,   R 3 = 4 - [ C H 3 C H 2 O C ( 0 ) ] 0 ,   R 4 = H ,  

A=NHCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   70a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n  b y   f l a s h   c h r o m a t o g r a p h y   (CHCl3:MeOH  ( 9 7 : 3 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 68%) ;   HPLC,  t R = 6 . 3 5   &  8 . 7 0 ,   Col  A,  H2O:  

CH3CN  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 3 F 3 N 4 O 6 . 0 . 5 H 2 O :   C,  5 4 . 4 4 ;   H,  6 . 2 1 ;   N,  1 0 . 1 5  

F o u n d :   C,  5 4 . 7 6 ;   H,  6 . 1 3 ;   N,  1 0 . 2 7  

E x a m p l e   7 1  

3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - a -  

a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R2=CH3CH2,   R 3 = 4 [ H O C ( 0 ) ] 0 ,   R4=H,  A=NHCO,  n = 1 )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14,  m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   70b  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   and  i s o l a t e d   by  f l a s h  

c h r o m a t o g r a p h y   on  B a k e r   pH  5 .0   s i l i c a   g e l   ( C H C l 3 : M e O H  



( 9 7 : 3 ) )   in   61%  y i e l d ;   HPLC,  t R = 3 . 6 8   &  4 . 6 9 ,   Col  A ,  

H2O : CH3CN  ( 3 : 1 ) ,   FR=2  .  0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 2 9 F 3 N 4 O 6 H 2 O :   C,  5 1 . 8 8 ;   H,  5 . 8 6 ;   N,  1 0 . 5 2  

F o u n d :   C,  5 1 . 9 8 ;   H,  5 . 6 9 ;   N,  1 0 . 1 9  

E x a m p l e   7 2  

3 ( R S ) - N 6 - P h e n y l m e t h o x y c a r b o n y l - N 2  - p h e n y l s u l f o n y l - L -  

l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=  

( C H 2 ) 4 N H C O O C H 2 0 ,  R 3 = 0 ,   R4=H,  A=S(O2)  ,   n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - N 6 - P h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o -  

l i n a m i d e   t r i f l u o r o a c e t i c   a c i d   s a l t   ( F o r m u l a   I V b ,  

R 1 = C H ( C H 3 ) C H 3 ,  R 2 = 0 C H 2 O C O N H ( C H 2 ) 4 - ,   R4=H,  n = 1 ) .  

To  a  s o l u t i o n   of   p r o d u c t   p r e p a r e d   a c c o r d i n g  

to   t h e   p r o c e d u r e   of  E x a m p l e   65a  ( 2 . 7 5   g,  4 . 4   mmol)  i n  

CH2Cl2  (7  ml)   was  a d d e d   T F A  ( 1 0 . 4   g,  90  m m o l ) ,   and  t h e  

s o l u t i o n   was  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   1  h r .  

T o l u e n e   (10  ml)   was  a d d e d ,   and  t h e   r e a c t i o n   m i x t u r e  

was  c o n c e n t r a t e d   u n d e r   v a c u u m   to  a f f o r d   t h e   t i t l e  

p r o d u c t   ( 3 . 4   g)  w h i c h   was  u s e d   w i t h o u t   f u r t h e r   p u r i f i -  

c a t i o n .  



b.  2 ( R S ) , 3 ( S R ) - N 6 - P h e n y l m e t h o x y c a r b o n y l - N 2 - p h e n y l s u l -  

f o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  V I I b ,   R 1 =  

CH(CH3)CH3,   R 2 = ( C H 2 ) 4 N H C ( 0 ) 0 C H 2 0 ,   R3=0,   R4=H,  A= 

S ( O 2 ) ,   n = 1 ) .  

To  a  s o l u t i o n   of   t h e   p r o d u c t   of  E x a m p l e   7 2 a  

( 0 . 8 3   g,  1 .3   mmol)  in   CH2Cl2  ( 6 . 5   ml)   w e r e   a d d e d   TEA 

( 0 . 3 9   g,  3 . 9   mmol)  and  b e n z e n e s u l f o n y l   c h l o r i d e   ( 0 . 2 5  

g,  1 . 4   m m o l ) ,   and  t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d  

o v e r n i g h t   a t   room  t e m p e r a t u r e .   A f t e r   t h e   r e a c t i o n  

m i x t u r e   was  c o n c e n t r a t e d   u n d e r   v a c u u m ,   t h e   r e s i d u e   w a s  

d i s s o l v e d   in   E tOAc.   The  EtOAc  s o l u t i o n   was  f i l t e r e d  

and  c o n c e n t r a t e d   u n d e r   v a c u u m   to  a  r e s i d u e   w h i c h   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,  

MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) )   to  g i v e   t h e   t i t l e  

p r o d u c t   ( 8 I % ) ;   TLC,  R f = 0 . 5 2 ,   MeOH:CHC13  ( 5 : 9 5 ) .  

c.  3 ( R S ) - N 6 - P h e n y l m e t h o x y c a r b o n y l - N 2 - p h e n y l s u l f o n y l -  

L - l y s y l - N - [ 3 - ( 1 , 1 , 1 , - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 2 ) 4 N H C ( 0 ) O C H 2 0 ,   R3=0,   R4=H,  A = S ( O 2 ) ,   n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  
of   E x a m p l e   72b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,   CHC13 
to  CHCl3:MeOH  ( 9 7 . 5 : 2 . 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 6 3 % ) ;  

HPLC,  t R  5 . 0   &  6 . 3 ,   Col  A,  CH3CN:H2O  ( 3 : 2 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 1 H 3 9 F 3 N 4 O 7 S . H 2 O :   C,  5 4 . 2 2 ;   H,  6 . 0 2 ;   N,  8 . 1 6  

F o u n d :   C,  5 4 . 1 7 ;   H,  5 . 8 0 ;   N,  7 . 8 6  



E x a m p l e   73  

3 ( R S ) - [ 2 - ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] - L - a - a m i n o -  

b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ) -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 - ,  

R 3 = C H 3 O ( C H 2 ) 2 O ( C H 2 ) 2   R4=H,  A=OCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] - L -  

@ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R2=CH3CH2- ,   R 3 = C H 3 O ( C H 2 ) 2 O ( C H 2 ) 2 ,  
R4=H,  A=OCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   34b ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   of   E x a m p l e   61a  w a s  
a l l o w e d   to  r e a c t   w i t h   m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

t h e   p r o c e d u r e   of   E x a m p l e   19a  to   p r o v i d e   t h e   t i t l e  

c o m p o u n d ,   i s o l a t e d   in   75%  y i e l d   a f t e r   p u r i f i c a t i o n   b y  

f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t ,   a c e t o n e : h e x a n e   ( 1 : 9 )  

to  ( 7 : 3 ) ) ,   TLC,  R f = 0 . 3 0   &  0 . 3 5 ,   a c e t o n e : h e x a n e  

( 4 0 : 6 0 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 7 H 2 9 F 3 N 2 O 6 . O . 5 H 2 O :   C,  4 8 . 2 2 ;   H,  7 . 1 4 ;   N,  6 . 6 1  

F o u n d :   C,  4 8 . 1 3 ;   H,  6 . 9 0 ;   N,  6 . 0 7  

b.  3 ( R S ) - [ 2 - ( 2 - M e t h o x y e t h o x y ) e t h o x y c a r b o n y l ] - L - @ -  

a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = C H 3 C H 2 ,  R 3 = C H 3 O ( C H 2 ) 2 O ( C H 2 ) 2 ,   R4=H,  A=OCO, 

n = 1 ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   61c  t h e   p r o d u c t  

of   E x a m p l e   73a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,  

E t O A c : h e x a n e   ( 1 : 1 )   to  EtOAc  to  a c e t o n e : E t O A c   ( 1 : 9 ) ) ,  

t h e   t i t l e   p r o d u c t   (40%) ;   HPLC,  t R = 5 . 7 0   &  8 . 9 5 ,   Col  A ,  

H2O:CH3CN  ( 7 5 : 2 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 3 4 F 3 N 3 O 7 :   C,  4 8 . 7 7 ;   H,  7 . 1 4 ;   N,  6 . 6 1  

F o u n d :   C,  4 8 . 1 3 ;   H,  6 . 9 0 ;   N,  6 . 0 9  

E x a m p l e   7 4  

3 ( R S ) - [ Z - ( 4 - A m i n o c a r b o n y l a m i n o - 1 , 4 - d i o x o - 2 - b u t e n y l ) ] -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

( C H 3 ) 2 C H - ,   R 3 = Z - H 2 , N C ( 0 ) N H C ( 0 ) C H = C H - ,   R4=H,  A=CO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - [ Z - ( 4 - A m i n o c a r b o n y l a m i n o - 1 , 4 - d i o x o - 2 -  

b u t e n y l ) ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y -  

4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = Z - H 2 N C ( O ) N H C ( O ) C H = C H - ,  
R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   21b ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  w a s  a l l o w e d   t o  

r e a c t   w i t h   Z - 4 - a m i n o c a r b o n y l a m i n o - 4 - o x o - 2 - b u t e n o i c  

a c i d   to  p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   26% 

y i e l d   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CHC13  ( 5 : 9 5 ) ) ;   TLC,  R f = 0 . 1 7  &   0 . 2 5 ,   M e O H : C H C l 3  
( 5 : 9 5 ) .  



b.  3 ( R S ) - [ Z - ( 4 - A m i n o c a r b o n y l a m i n o - 1 , 4 - d i o x o - 2 - b u t e n -  

y l ) ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 3 ) 2 C H - ,   R 3 = Z - H 2 N C ( G ) N H C ( 0 ) C H = C H - ,   R4=H,  A=CO,  

n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   31c ,   t h e   p r o d u c t  

of   E x a m p l e   74a   was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( M e O H : C H C 1 3  ( 4 : 9 6 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 29%) ;   HPLC,  t R = 1 . 7 8   &  2 . 4 5 ,   Col  A ,  

H2O:CH3CN  ( 6 5 : 3 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 3 0 F 3 N 5 O 6 . 1 . 5 H 2 O :   C,  4 7 . 3 7 ;   H,  6 . 2 5 ; . N ,   1 3 . 1 5  

F o u n d :   C,  4 7 . 2 9 ;   H,  5 . 7 7 ;   N,  1 3 . 0 2  

E x a m p l e   75  

3 ( R S ) - P h e n y l a m i n o c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R3=0 ,   R4=H,  A=NHCO, 

n = l )  

a.  2 ( R S ) , 3 ( S R ) - P h e n y l a m i n o c a r b o n y l - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,  R 3 = 0 ,   R4=H,  A=NHCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   15a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of  E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   p h e n y l i s o c y a n a t e   to  p r o v i d e   t h e   t i t l e   c o m -  

p o u n d ,   i s o l a t e d   in   62%  y i e l d   a f t e r   p u r i f i c a t i o n   b y  



f l a s h   c h r o m a t o g r a p h y   (MeOH:CHCl3  ( 2 : 9 8 ) ) ;   TLC,  R f = 0 . 2 4  
&  0 . 3 2 ,   MeOH:CHCl3  ( 2 : 9 8 ) .  

b.  3 ( R S ) - P h e n y l a m i n o c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R3=0,   R 4 = H ,  

A=NHCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   75a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CHC13  ( 2 : 9 8 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 7 5 % ) ;   HPLC,  t R = 5 . 7 0   &  8 . 7 7 ,   Col  A ,  

H2O:CH3CN  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 1 F 3 N 4 O 4 . 0 . 7 5 H 2 O :   C,  5 5 . 4 7 ;   H,  6 . 5 8 ;   N,  1 1 . 2 5  

F o u n d :   C,  5 5 . 4 6 ;   H,  6 . 5 0 ;   N,  1 0 . 7 2  

E x a m p l e   76  

3 ( R S ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - p h e n y l -  

a l a n y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R l = C H ( C H 3 ) C H 3 ,   R 2 = 0 C H 2 - ,   R 3 =  

4 - [ C H 3 , C H 2 , O C ( 0 ) ] 0 ,   R4=H,  A=NHCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - 1 - P h e n y l m e t h o x y c a r b o n y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I a ,   R 1 = C H ( C H 3 ) C H 3 ,   R 3 = 0 C H 2 - ,   A=OCO, 

n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   2a ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to   t h e   m e t h o d   of  E x a m p l e   4  w a s  



a l l o w e d   to  r e a c t   w i t h   C B Z - L - p r o l i n e   to  p r o v i d e   t h e  

t i t l e   c o m p o u n d   ( 1 0 0 % ) ;   TLC,  R f = 0 . 3 7   &  0 . 4 5 ,   MeOH: 

CH2Cl2  ( 5 : 9 5 ) .  

b.  2 ( R S ) , 3 ( S R ) - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I V a ,   R1=  

CH(CH3)CH3,   n = l ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   2b,   t h e   p r o d u c t  

of   E x a m p l e   76a   was  c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t  

( 1 0 0 % ) ;   TLC,  R f = 0 . 7 3   &  0 . 8 1 ,   M e O H : C H 2 C l 2  s a t d   w i t h  

NH4OH  ( 1 5 : 8 5 ) .  

c.  2 ( R S ) , 3 ( S R ) - P h e n y l m e t h o x y c a r b o n y l - L - p h e n y l a l a n y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

CH20,  R 3 = 0 C H 2 - ,   R4=H,  A=OCO,  n = l ) .  

A f t e r   DCC  ( 2 . 2 7   g,  1 1 . 0   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   of  C B Z - L - p h e n y l a l a n i n e   ( 2 . 2 9   g,  1 0 . 0  

m m o l ) ,   HOBT  ( 2 . 7 0   g,  1 7 . 6   mmol)  and  m a t e r i a l   p r e p a r e d  

a c c o r d i n g   to  E x a m p l e   76b  ( 2 . 6 8   g,  1 0 . 0   mmol)  in   d r y  

THF  (45  ml)  c h i l l e d   to  - 1 7 ° C ,   t h e   m i x t u r e   was  l e f t   a t  

room  t e m p e r a t u r e   o v e r n i g h t ,   f i l t e r e d ,   and  c o n c e n t r a t e d  

to  r e m o v e   t h e   THF  b e f o r e   i t   was  t a k e n   up  in   Et2O  a n d  

E t O A c .   The  r e s u l t i n g   s o l u t i o n   was  w a s h e d   ( s a t d  

NaHC03  ( 2 x ) ,   1N  HCl ,   b r i n e ) ,   d r i e d   (MgSO4) ,   f i l t e r e d ,  

c o n c e n t r a t e d ,   and  t a k e n   up  in   m i n i m a l   CH2Cl2 .   A f t e r  

N , N ' - d i c y c l o h e x y l u r e a   was  f i l t e r e d ,   t h e   s o l u t i o n   w a s  

c o n c e n t r a t e d   u n d e r   v a c u u m ,   and  d r i e d   u n d e r   v a c u u m   t o  



p r o v i d e   t h e   t i t l e   c o m p o u n d   in   q u a n t i t a t i v e   y i e l d   as  a  
w h i t e   foam;   TLC,  Rf=  0 . 3 7   &  0 . 4 5 ,   MeOH:CH2Cl2   ( 5 : 9 5 ) .  

d.  2 ( R S ) , 3 ( S R ) - L - P h e n y l a l a n y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

IVb,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 2 0 ,   R4=H,  n = 1 ) .  

A  m i x t u r e   of   t h e   p r o d u c t   of   E x a m p l e   7 6 c  

( 5 0 1 . 3   mg,  0 . 8 9 8   mmol)   and  5 0 % - w a t e r   w e t   10%  P d / C  

(50  mg)  in   a b s o l u t e   EtOH  (17  ml)   was  s t i r r e d   u n d e r  

h y d r o g e n   (1  a t m o s p h e r e ,   1 0 1 , 3 2 5   P a s c a l s )   o v e r -  

n i g h t ,   f i l t e r e d ,   c o n c e n t r a t e d   and  d r i e d   u n d e r   v a c u u m  

to  p r o v i d e   t h e   t i t l e   c o m p o u n d   in   q u a n t i t a t i v e   y i e l d ;  

TLC,  R f = 0 . 1 4 ,   MeOH:  C H 2 C l 2  ( 5 : 9 5 ) ;   R f = 0 . 4 3  &   0 . 4 8  

MeOH:  NH4OH  s a t d   CH2Cl2  ( 5 : 9 5 ) .  

e.  2 ( R S ) , 3 ( S R ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - p h e n y l a l a n y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R 2 = 0 C H 2 - ,  R 3 = 4 - [ C H 3 C H 2 O C ( 0 ) ] 0 5 - ,   R 4 = H ,  

A=NHCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   15a  m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of  E x a m p l e   76d  was  a l l o w e d  

to  r e a c t   w i t h   e t h y l   4 - i s o c y a n a t o b e n z o a t e   to  p r o v i d e  

t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   95%  y i e l d ;   TLC;  

R f = 0 . 2 1   &  0 . 2 6 ,   MeOH:CH2Cl2   ( 5 : 9 5 ) .  



f .   3 ( R S ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L -  

p h e n y l a l a n y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = 0 C H 2 - ,   R 3 = 4 - [ C H 3 C H 2 O C ( 0 ) ] 0 - ,   R4=H,  A=NHCO, 

n = 1 ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   61c ,   t h e   p r o d u c t  

of   E x a m p l e   76e  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,   E t 2 0 :  

p e n t a n e   ( 1 1 : 1 )   to  E t 2 O ) ,   t h e   t i t l e   p r o d u c t   (947%); 

HPLC,  t R = 1 0 . 2 6  &   1 3 . 5 2 ,   Col  A,  CH3CN:H2O  ( 4 5 : 5 5 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 5 F 3 N 4 O 6 . l . 2 4 H 2 O :   C,  5 7 . 4 7 ;   H,  6 . 0 3 ;   N,  8 . 9 4  

F o u n d :   C,  5 7 . 4 3 ;   H,  6 . 0 2 ;   N,  8 . 9 7  

E x a m p l e   7 7  

3 ( R S ) - [ [ 4 - [ ( 1 - N a p h t h y l s u l f o n y l ) a m i n o c a r b o n y l ] p h e n y l ] -  

a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 )  

C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ 1 - n a p h t h y l - S ( O 2 ) N H C ( 0 ) ] 0 ,  
R4=H,  A=NHCO,  n = l )  

a.  1 - N a p h t h a l e n e   s u l f o n a m i d e .  

Ammonia   was  p a s s e d   ( f o r   5  min )   i n t o   a  

s t i r r e d   s o l u t i o n   of   1 - n a p h t h a l e n e s u l f o n y l   c h l o r i d e  

( 5 . 0   g,  22  mmol)  and  a n h y d r o u s   E t 2 0   (400  ml)  a t   - 7 8 ° .  

T h e  r e s u l t i n g   m i x t u r e   was  s t i r r e d   a t   - 78°   f o r   1  h r ,  

a l l o w e d   to  warm  to  room  t e m p e r a t u r e ,   and  s t i r r e d   o v e r -  



n i g h t .   The  Et2O  was  r e m o v e d   u n d e r   v a c u u m   to  l e a v e   a  

w h i t e   p o w d e r   w h i c h   was  w a s h e d   w i t h   w a t e r   and  d r i e d  

u n d e r   v a c u u m   to  g i v e   3 . 2   g  (70%)  of  t h e   t i t l e   c o m p o u n d  

as  a  w h i t e   p o w d e r ,   m . p .   1 5 2 - 1 5 3 ° C .  

b.   3 ( R S ) - [ [ 4 - [ ( I - N a p h t h y l s u l f o n y l ) a m i n o c a r b o n y l ] -  

p h e n y l ] a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ 1 -  

n a p h t h y l - S ( O 2 ) N H C ( 0 ) ] 0 ,   R  = H ,   A=NHCO,  n = l ) .  

1 - N a p h t h a l e n e   s u l f o n a m i d e ,   p r e p a r e d   a c c o r d -  

i n g   to  E x a m p l e   77a  ( 0 . 6 4   g,  3 . 0 9   m m o l ) ,   was  a d d e d   t o  

a  s t i r r e d   s o l u t i o n   of   m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   16  ( 1 . 5   g,  2 . 8 4   m m o l ) ,   DMAP  ( 0 . 3 8   g,  3 . 1  

m m o l ) ,   WSCDI  ( 0 . 5 9   g,  3 . 0 8   mmol)   and  d r y   CH2Cl2  ( 4 0  

ml)   u n d e r   n i t r o g e n   a t   room  t e m p e r a t u r e .   The  r e s u l t i n g  

r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a t u r e   o v e r -  

n i g h t   b e f o r e   i t   was  w a s h e d   (1N  H C l ) ,   d r i e d   ( M g S O 4 ) ,  
and  f i l t e r e d .   The  f i l t r a t e   was  c o n c e n t r a t e d   u n d e r  

v a c u u m   to  a  gummy  r e s i d u e   w h i c h   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y ,   ( C H 2 C l 2  t h e n   C H 2 C l 2 : M e O H : A c O H   ( 9 8 : 1 . 9 :  

0 . 1 )   to   g i v e   0 . 7 6   g  (36%)  of   t h e   t i t l e   c o m p o u n d   as  a  

w h i t e   p o w d e r ;   HPLC,  t R = 1 0 . 0 8  &   1 6 . 3 8 ,   Col   A,  CH3CN:H2O 
( 3 0 : 7 0 ) ,   F R = 2 . 5 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 4 H 3 8 F 3 N 5 O 7 S . O H 2 O :   C,  5 4 . 2 5 ;   H,  5 . 4 9 ;   N,  9 . 3 0  

F o u n d :   C,  5 4 . 5 6 ;   H,  5 . 6 8 ;   N,  8 . 8 5  



E x a m p l e   78  

3 ( R S ) - N 2 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - N 6 -  

p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1=  

CH(CH3)CH3,   R 2 = ( C H 2 ) 4 N H C ( 0 ) O C H 2 0 ,   R 3 = 4 - [ H O C ( 0 ) ] 0 ,   R4=  

H,  A=NHCO,  n = l )  

a.  2 ( R S ) , 3 ( S R ) - N 2 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r -  

b o n y l - N 6 - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y i l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3   R2=  

( C H 2 ) 4 N H C ( 0 ) O C H 2 0 ,   R 3 = 4 - [ E t O C ( 0 ) ] 0 ,   R4=H,   A=NHCO, 

n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   15a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   72a  was  a l l o w e d  

to  r e a c t   w i t h   e t h y l   4 - i s o c y a n a t o b e n z o a t e   to  p r o v i d e  
t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   95%  y i e l d   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t  

e l u t i o n ,   CHCl3  to   MeOH:CHCl3  ( 2 : 9 8 ) ,   t h e n   ( 5 : 9 5 ) ) ;  

TLC,  R f = 0 . 4 1 ,   MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 ) .  

b.  3 ( R S ) - N Z - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

N 6 - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 2 ) 4 N H C ( 0 ) O C H 2 0 ,   R3= 

4 - [ E t O C ( 0 ) ] 0 ,   R4=H,  A=NHCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  
of  E x a m p l e   78a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  



t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,   CHC13 
to  MeOH:CHCl3  ( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t  

( 7 7 % ) ;   TLC,  R f = 0 . 4 8 ,   MeOH:CHC13  ( 2 . 5 : 9 7 . 5 ) .  

c.  3 ( R S ) - N 2 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

N 6 - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 2 ) 4 N H C ( 0 ) O C H 2 0 ,   R 3 =  

4 - [ H O C ( O ) ] 0 ,   R4=H,  A=NHCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14,  m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   78b  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   and   i s o l a t e d   in   85% 

y i e l d ;   HPLC,  t R = 4 . 7 1   &  6 . 7 6 ,   Col  A,  CH3CN:H2O  ( 4 0 : 6 0 ) ,  

F R = 2 . 5 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 3 H 4 0 F 3 N 5 O 8 . 1 . 5 H 2 O :   C,  5 5 . 1 5 ;   H,  6 . 0 3 ;   N,  9 . 7 4  

F o u n d :   C,  5 4 . 9 0 ;   H,  5 . 9 2 ;   N,  9 . 2 9  

E x a m p l e   79  

3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) c a r b o n y l - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 -  

[ H O C ( 0 ) ] 0 ,   R4=H,  A=CO,  n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of  E x a m p l e   84c  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   and  i s o l a t e d   in   72% 

y i e l d ;   HPLC,  t R = 3 . 4 8   &  5 . 3 1 ,   Col  A,  H2O:CH3CN  ( 3 : 1 ) ,  

F R = 2 . 0 .  



A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 0 F 3 N 3 O 6 . 1 . O H 2 O :   C,  5 4 . 2 3 ;   H,  6 . 0 7 ;   N,  7 . 9 1  

F o u n d :   C,  5 4 . 4 6 ;   H,  6 . 0 5 ;   N,  7 . 6 9  

E x a m p l e   80  

3 ( R S ) - P h e n y l s u l p h o n y l - L - a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r -  

m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 - ,   R3=0,   R4=H,  A= 

S ( O 2 ) ,   n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - P h e n y l s u l f o n y l - L - a - a m i n o b u t y r y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) - L - p r o -  

l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H 3 C H 2 - ,  
R3=0 ,   R4=H,  A = S ( O 2 ) ,   n = 1 ) .  

NMM  ( 0 . 2 4   g,  2 .4   mmol)  and  b e n z e n e s u l f o n y l  

c h l o r i d e   ( 0 . 2 1   g,  1 . 2   mmol)  w e r e   a d d e d   to  a  s o l u t i o n  

o f  m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   61a   ( 0 . 5   g ,  
1 .1   mmol)  in   CH2Cl2  (5  m l ) ,   and  t h e   r e a c t i o n   w a s  

s t i r r e d   o v e r n i g h t   a t   room  t e m p e r a t u r e .   The  r e a c t i o n  

was  c o n c e n t r a t e d   u n d e r   v a c u u m ;   t h e   r e s i d u e   was  t a k e n  

up  in   EtOAc  and  f i l t e r e d ;   and  t h e   f i l t r a t e   c o n c e n t r a t -  

ed  u n d e r   v a c u u m   to  g i v e   t h e   c r u d e   p r o d u c t .   T h e  

p r o d u c t   was  p a r t i a l l y   p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

( g r a d i e n t ,   M e O H : C H C l 3  ( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) )   a n d  

f i n a l l y   p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t ,  

E t 2 O : h e x a n e   (80:   20)  to  E t 2 O : h e x a n e   ( 9 0 : 1 0 )   to  E t 2 0 )  
to  g i v e   t h e   t i t l e   p r o d u c t   ( 0 . 1 1 8   g ) ;   TLC,  R f = 0 . 3 3 ,  

E t 2 O .  



b.  3 ( R S ) - P h e n y l s u l f o n y l - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH3CH2- ,   R 3 = 0 ,  

R4=H,  A = S ( O 2 ) ,   n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   80a   was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t ,   MeOH:CHC13  
( 0 : 1 0 0 )   to   ( 2 : 9 8 )   to   ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 4 2 % ) ;  

HPLC,  t R = 4 . 9 7   &  6 . 1 7 ,   Col  A,  H2O:CH3CN  ( 1 : 1 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 1 H 2 8 F 3 N 3 O 5 S . H 2 O :   C,  4 9 . 5 0 ;   H,  5 . 9 3 ;   N,  8 . 2 5  

F o u n d :   C,  4 9 . 7 0 ;   H,  6 . 2 4 ;   N,  7 . 6 7  

E x a m p l e   8 1  

3 ( R S ) - [ 1 - ( E t h o x y c a r b o n y l ) c y c l o p e n t - 1 - y l ] c a r b o n y l - L - @ -  

a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

CH3CH2- ,   R 3 = 1 - [ C H 3 C H 2 0 C ( 0 ) ] c y c l o p e n t - 1 - y l - ,   R 4 = H ,  

A=CO,  n = l )  

a.  l - ( E t h o x y c a r b o n y l ) c y c l o p e n t a n e c a r b o x y l i c   a c i d .  

To  a  s o l u t i o n   of   d i e t h y l   1 , 1 - c y c l o p e n t a n e  

d i c a r b o x y l a t e   ( 2 . 5   g,  1 1 . 6 8   mol )   in   EtOH  (10  ml)   w a s  

a d d e d   d r o p w i s e   a  s o l u t i o n   of   KOH  (654  mg,  1 1 . 6 8   m m o l )  

in   EtOH  (10  ml)  o v e r  ½   h o u r .   The  r e s u l t i n g   m i x t u r e  

was  s t i r r e d   a t   room  t e m p e r a t u r e   f o r   96  h r ,   c o n c e n t r a t -  

ed  u n d e r   v a c u u m ,   and  p a r t i t i o n e d   b e t w e e n   H2O  a n d  

E tOAc.   The  a q u e o u s   l a y e r   was  a c i d i f i e d   w i t h   c o n c e n -  



t r a t e d   HC1  and  e x t r a c t e d   w i t h   E tOAc.   The  EtOAc  e x -  

t r a c t s   w e r e   w a s h e d   ( b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,  

and  c o n c e n t r a t e d   u n d e r   v a c u u m  t o   g i v e   t h e   p r o d u c t  

( 1 . 7 3   g)  as  a  c l e a r   o i l .  

b.  2 ( R S ) , 3 ( S R ) - [ l - E t h o x y c a r b o n y l ) c y c l o p e n t - 1 - y l ) ] c a r -  

b o n y l - L - a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,  

R 1 = C H ( C H 3 ) C H 3 ,   R2=CH3CH2- ,   R 3 = 1 - [ C H 3 C H 2 O C ( 0 ) ] -  

c y c l o p e n t - 1 - y l ,   R 4 = H ,  A = C 0 ,   n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   50a   w i t h   t h e  

f o l l o w i n g   r a t i o s   of   r e a g e n t s   to  one  e q u i v a l e n t   of   t h e  

p r o d u c t   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   81a :   HOBT  ( 3 . 3  

e q u i v a l e n t s ) ,   DCC  ( 1 . 6 5   e q u i v a l e n t s ) ,   TEA  ( 1 . 5   e q u i v a -  

l e n t s )   and  m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d -  

u r e   of   E x a m p l e   61a  ( 1 . 0   e q u i v a l e n t ) ,   and  o m i t t i n g   t h e  

c i t r i c   a c i d   w a s h ,   t h e   t i t l e   p r o d u c t   was  p r e p a r e d ,   i s o -  

l a t e d   by  s u c t i o n   c h r o m a t o g r a p h y   ( g r a d i e n t   e l u t i o n ,  

E t 2 O : h e x a n e   ( 1 : 1 )   to   E t2O)   in   46%  y i e l d ;   TLC,  R f = 0 . 4 7 ,  

MeOH:CHC13  ( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 8 F 3 N 3 O 6 :   C,  5 5 . 2 7 ;   H,  7 . 3 4 ;   N,  8 . 0 6  

F o u n d :   C,  5 4 . 7 4 ;   H,  5 . 9 3 ;   N,  7 . 8 8  

c.  3 ( R S ) - [ 1 - ( E t h o x y c a r b o n y l ) c y c l o p e n t - 1 - y l ) ] c a r b o n y l -  

L - a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 )  

C H 3 ,  R 2 = C H 3 C H 2 ,  R 3 = 1 - [ C H 3 C H 2 O C ( 0 ) ] - c y c l o p e n t - 1 - y l ,  
R4=H,  A=CO,  n = l ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   3 3 c ,   t h e   p r o d u c t  

o f   E x a m p l e   81b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e : h e x a n e   ( 1 : 4 ) ) ,  

t h e   t i t l e   p r o d u c t   (37%) ;   HPLC,  t R = 6 . 6 8   &  8 . 3 1 ,   Col  A ,  

H2O:CH3CN  ( 7 0 : 3 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 6 F 3 N 3 O 6 . 1 . 1 H 2 O :   C,  5 3 . 4 4 ;   H,  7 . 1 3 ;   N,  7 . 8 0  

F o u n d :   C,  5 3 . 4 8 ;   H,  6 . 9 7 ;   N,  7 . 6 0  

E x a m p l e   8 2  

3 ( R S ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 ' 7 ] d e c - 1 - y l ) s u l f o n y l - L - a -  

a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

CH3CH2- ,   R 3 = 1 - a d a m a n t y l ,   R4=H,  A = S ( 0 2 ) ,   n = l )  

a.  1 - A d a m a n t a n e   s u l f i n y l   c h l o r i d e .  

A l u m i n u m   t r i c h l o r i d e   (40  g,  3  mo l )   was  a d d e d  

s l o w l y   to  t h i o n y l   c h l o r i d e   (200  ml ,   2 . 7   m o l ) ,   and  t h e  

m i x t u r e   was  c o o l e d   to  - 2 0 ° .   A d a m a n t a n e   was  a d d e d   i n  

p o r t i o n s   o v e r   2½  h r s ,   and  t h e   r e s u l t i n g   m i x t u r e   w a s  

s t i r r e d   1  h r   and  a l l o w e d   to  warm  to  room  t e m p e r a t u r e .  
A f t e r   t h e   t h i o n y l   c h l o r i d e   was  r e m o v e d   u n d e r   v a c u u m ,  
t h e   r e s i d u e   was  d i l u t e d   w i t h   CC14;  and  t h e   a l u m i n u m  

t r i c h l o r i d e   was  d e c o m p o s e d   w i t h   i c e   and  w a t e r .   T h e  

l a y e r s   w e r e   s e p a r a t e d ;   and  t h e   o r g a n i c   l a y e r   w a s  

w a s h e d   ( b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   and   c o n c e n -  

t r a t e d   u n d e r   v a c u u m .   The  r e s i d u e   was  d i s t i l l e d   u n d e r  

v a c u u m   (1  t o r r ,   1 3 3 . 3   P a s c a l s )   w i t h   a  v i g r e a u x   c o l u m n  



to  g i v e   t h e   p r o d u c t   ( 2 8 . 8   g;  bp  1 1 8 - 1 2 8 ° )   as  a  w a x y  
s o l i d ;   TLC,  R f = 0 . 6 - 0 . 4 ,   E t O A c : h e x a n e s   ( 1 5 : 8 5 ) .  

b.  2 ( R S ) , 3 ( S R ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 ' 7 ] d e c - 1 - y l ) s u l -  

f o n y l - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH3CH2- ,   R 3 = 1 - a d a m a n t y l ,  

R4=H,  A = S ( 0 ) ,   n = l .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   20a ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   61a  w a s  

a l l o w e d   to  r e a c t   w i t h   m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   82a  to  p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d  

in  61%  y i e l d   a f t e r   p u r i f i c a t i o n   by  s u c t i o n   f l a s h  

c h r o m a t o g r a p h y   ( g r a d i e n t ,   E t 2 O : E t O A c   ( 1 : 1 )   to  E t O A c ) ;  

TLC,  R f = 0 . 5 3 ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 4 0 F 3 N 3 O 4 S . 0 . 4 5 H 2 . :   C,  5 5 . 2 2 ;   H,  7 . 5 8  

F o u n d :   C,  5 5 . 0 5 ;   H,  7 . 5 7  

c.  2 ( R S ) , 3 ( S R ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 ' 7 ] d e c - 1 - y l ) s u l -  

f o n y l - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH3CH2- ,   R 3 = 1 - a d a m a n t y l ,  

R4=H,  A = S ( 0 2 ) ,   n = l ) .  

To  a  s o l u t i o n   of   t h e   p r o d u c t   of  E x a m p l e   8 2 b  

(277  mg,  0 . 5 1 5   mmol)  in   a c e t o n e   (25  ml)  a t   r e f l u x   w a s  

a d d e d   a  s a t d   a c e t o n e   s o l u t i o n   of   KMn04  (60  ml)  d r o p -  

w i s e   o v e r   1  h r .   T h i s   was  s t i r r e d   15  min  a t   r e f l u x ,  

c o o l e d ,   f i l t e r e d   t h r o u g h   C e l i t e ® ,   and  c o n c e n t r a t e d  



u n d e r   v a c u u m .   The  c r u d e   p r o d u c t   was  p u r i f i e d   by  f l a s h  

c h r o m a t o g r a p h y   ( E t O A c : E t 2 O   ( 4 : 6 ) )   to   g i v e   t h e   t i t l e  

p r o d u c t   (180  mg)  as  a  s o l i d ;   TLC,  R f = 0 . 6 7   &  0 . 7 0 ,  

MeOH:CHCl3  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C25H40F3O3O5S=  C,  5 4 . 4 3 ;   N,  7 . 3 1 ;   N,  7 . 6 2  

F o u n d :   C,  5 4 . 4 9 ;   N,  7 . 3 3 ;   N,  7 . 3 9  

d.  3 ( R S ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 ' 7 ] d e c - 1 - y l ) s u l f o n y l - L -  

a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R  =  

CH(CH3)CH3,   R 2 = C H 3 C H 2 - ,  R 3 = 1 - a d a m a n t y l ,   R4=H,  A= 

S ( O 2 ) ,   n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   33c ,   t h e   p r o d u c t  

of   E x a m p l e   82c  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e : h e x a n e s   ( 1 5 :  

8 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 40%) ;   HPLC,  t R = 6 . 2 7  &   8 . 2 9 ,  

Col  A,  H2O:CH3CN  ( 1 : 1 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 8 F 3 N 3 O 5 S . 0 . 5 H 2 O :   C , - 5 3 . 7 5 ;   H,  7 . 0 4 ;   N,  7 . 3 2  

F o u n d :   C,  5 3 . 9 1 ;   H,  7 . 1 1 ;   N,  6 . 9 7  

E x a m p l e   8 3  

3 ( R S ) - [ 1 - ( H y d r o x y c a r b o n y l ) c y c l o p e n t - 1 - y l ] c a r b o n y l - L -  

a - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 - C H 3 C H 2 - ,   R 3 = 1 - [ H O C ( 0 ) ] c y c l o p e n t - 1 - y l ,   R4=H,  A=CO, 

n = 1 )  



U s i n g   t h e   m e t h o d   of  E x a m p l e   14,  m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   81c  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   and  i s o l a t e d   in   79% 

y i e l d ;   HPLC,  t R = 3 . 7 4   &  4 . 9 2 ,   Col  A,  H20:CH3CN  ( 3 : 1 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 2 H 3 2 F 3 N 3 O 6 . O . 3 5 H 2 O :   C,  5 3 . 0 8 ;   H,  6 . 6 2 ;   N,  8 . 4 4  

F o u n d :   C,  5 3 . 0 4 ;   H,  6 . 5 8 ;   N,  8 . 1 6  

E x a m p l e   84  

3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) c a r b o n y l - L - v a l y l - N -  

5 3 - ( 1 , 1 , 1 - t r i f l u o r y - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,  R 3 =  

4 - [ C H 3 O C ( 0 ) ] 0   R4=H,  A=CO,  n = 1 )  

a.  4 - M e t h o x y c a r b o n y l b e n z e n e c a r b o x y l i c   a c i d .  

C o n c e n t r a t e d   s u l f u r i c   a c i d   ( 2 7 7 . 5   ml ,   5 . 2  

m o l )   was  a d d e d   d r o p w i s e   o v e r  ½   hr   to  a  s t i r r e d   s o l u -  

t i o n   o f  c h r o m i u m   (VI)   o x i d e   ( 2 9 9 . 2 5   g,  2 . 9 9   mol )   a n d  

w a t e r   (925  ml)   a t   0 ° .   The  r e s u l t i n g   s o l u t i o n   w a s  

a d d e d   d r o p w i s e   o v e r   1  hr   to  a  s t i r r e d   s o l u t i o n   o f  

m e t h y l - 4 - ( h y d r o x y m e t h y l ) b e n z o a t e   ( 9 2 . 5   g,  0 . 5 6 4   m o l )  

and   a c e t o n e   ( 4 . 6   1)  a t   0° .   The  r e a c t i o n   m i x t u r e   w a s  

a l l o w e d   to  warm  to  room  t e m p e r a t u r e   and  s t i r r e d   o v e r -  

n i g h t .   The  s u p e r n a t a n t   was  d e c a n t e d   b e f o r e   t h e   b l a c k  

t a r - l i k e   r e s i d u e   was  e x t r a c t e d   w i t h   a c e t o n e .   The  d e -  

c a n t e d   s u p e r n a t a n t   and  a c e t o n e   e x t r a c t s   w e r e   c o m b i n e d  

and  c o n c e n t r a t e d   u n d e r   v a c u u m   to  l e a v e   a  d a r k   b r o w n  

r e s i d u e   w h i c h   was  t r i t u r a t e d   w i t h   c o l d   w a t e r   ( 4  



l i t e r ) .   The  p r e c i p i t a t e   w h i c h   f o r m e d   was  c o l l e c t e d ,  

w a s h e d   t h r e e   t i m e s   w i t h   w a t e r   (1  l i t e r ) ,   and  d r i e d   t o  

g i v e   9 4 . 6   g  (94%)  of   t h e   t i t l e   c o m p o u n d   as  w h i t e  

c r y s t a l s ,   m . p .   2 1 8 - 2 2 1 ° C .  

b.   2 ( R S ) , 3 ( S R ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1=  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ C H 3 O C ( O ) ] 0 ,   R 4 = H ,  

A=CO,  n = l ) .  

WSCDI  ( 1 0 . 2 7   g,  5 3 . 6   mmol)   was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   o f   a  c o m p o u n d   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   3d  ( 1 7 . 5 4   g,  4 7 . 8   m m o l ) ,   t h e   p r o d u c t   o f  

E x a m p l e   84a  ( 8 . 6   g,  4 7 . 8   m m o l ) ,   HOBT  ( 1 2 . 8 6   g,  9 5 . 3  

mmol)  and   d r y   THF  (400  ml)   a t   0°  u n d e r   n i t r o g e n .   T h e  

r e s u l t i n g   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   0°  f o r   1 

h r ;   t h e n   i t   was  a l l o w e d   to  come  to  room  t e m p e r a t u r e  

and   to  s t i r   o v e r n i g h t .   The  THF  was  r e m o v e d   u n d e r  

v a c u u m   to  l e a v e   an  o i l y   r e s i d u e   w h i c h   was  d i s s o l v e d  

in   E tOAc.   The  EtOAc  s o l u t i o n   was  w a s h e d   (1N  HC1,  s a t d  

aq ,   NaHCO3,  a n d  b r i n e ) ,   d r i e d   (MgSO4) ,   f i l t e r e d ,   a n d  

c o n c e n t r a t e d   u n d e r   v a c u u m   to   g i v e   2 4 . 4 5   g  of   t h e   c r u d e  

p r o d u c t   as  a  d ry   w h i t e   f oam.   P u r i f i c a t i o n   by  f l a s h  

c h r o m a t o g r a p h y   (CHCl3:MeOH  ( 9 7 : 3 ) )   p r o d u c e d   t h e   t i t l e  

c o m p o u n d   (79%) ;   HPLC,  t R = 4 . 6 2   &  5 . 8 0 ,   Col  A,  H2O:CH3CN 
( 5 5 : 4 5 ) ;   F R = 3 . 0 .  



c.  3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) c a r b o n y l - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 4 - [ C H 3 O C ( 0 ) ] 0 ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 1 c ,   t h e   p r o d u c t  

o f   E x a m p l e   84b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (CHCl3 :MeOH  ( 9 8 : 2 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 6 9 % ) ;   HPLC,  t R = 4 . 5 1   &  6 . 8 2 ,   Col   A,  H2O:  

CH3CN  ( 5 5 : 4 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 2 F 3 N 3 O 6 . 0 . 5 H 2 O :   C,  5 5 . 9 6 ;   H,  6 . 1 9 ;   N,  7 . 8 3  

F o u n d :   C,  5 5 . 9 0 ;   H,  6 . 3 0 ;   N,  7 . 9 3  

d.  3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) c a r b o n y l - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

C H ( C H 3 ) C H 3 ,   R 3 = 4 - ( C H 3 O C O ) 0 ,   R4=H,  A=CO,  n = l ) .  

A  p r e f e r r e d   m e t h o d   e m p l o y i n g   t h e   o x i d a t i o n  

d e s c r i b e d   in   D.  B.  D e s s   and  J .   C.  M a r t i n ,   J .   O r g .  

C h e m . ,   48 ,   4 1 5 5 - 4 1 5 6 ( 1 9 8 3 )   f o r  t h e   p r e p a r a t i o n   of   t h e  

t i t l e   c o m p o u n d   i s   as  f o l l o w s :   To  a  s t i r r e d   s o l u t i o n  

of   D e s s - M a r t i n   p e r i o d i n a n e   ( 6 . 7 6   g,  1 5 . 9 6   mmol)   and  a  

p r o d u c t   p r e p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   84b  ( 6 . 4 9  

g,  1 2 . 2 5   mmol)   in   d r y   CH2Cl2  (80  ml)  u n d e r   n i t r o g e n  

was  a d d e d   TFA  ( 1 . 8 2   g,  1 . 2 3   ml ,   1 5 . 9 6   m m o l ) .   A f t e r  

t h e   r e a c t i o n   m i x t u r e   had   b e e n   s t i r r e d   o v e r n i g h t   a t  

room  t e m p e r a t u r e  , E T 2 O   ( ~ 2 4 0 - 4 0 0 m l )  w a s   a d d e d ,   and  t h e   m i x -  

t u r e   was  p o u r e d   i n t o   an  aq  s o l u t i o n   of   s a t d   NaHCO3  a n d  

Na2S2O3  ( 1 7 . 6 3   g,  1 1 1 . 5 1  m m o l ) .   A f t e r   15  min   o f  



s t i r r i n g ,   t h e   o r g a n i c   l a y e r   was  s e p a r a t e d ,   w a s h e d  

( s a t d   NaHCO3,  b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   a n d  

c o n c e n t r a t e d   to  g i v e   t h e   t i t l e   p r o d u c t   a s  a   w h i t e   f o a m  

( 6 . 4 2   g,  9 9 . 4 % ) ;   TLC,  Rf=  0 . 6 7  &   0 . 7 6 ;   M e O H : C H C l 3  
( 3 : 9 7 ) ;   HPLC,  t R = 4 . 6 4   &  6 . 8 4 ,   Col   A,  H2O:CH3CN 
( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

E x a m p l e   85  

3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - p h e n y l -  

a l a n y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =∅C H 2 ,   R 3 =  

4 - [ H O C ( 0 ) ] 0 ,   R4=H,  A=NHCO,  n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   76 f   w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   and  i s o l a t e d   by  f l a s h  

c h r o m a t o g r a p h y   ( g r a d i e n t ,   M e O H : C H 2 C l 2  ( 4 : 9 6 )   t o  

( 1 0 : 9 0 ) )   in   48%  y i e l d ;   HPLC,  t R = 5 . 5 2   &  8 . 1 2 ,   Col  A ,  

CH3CN:H20  ( 3 5 : 6 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 8 H 3 1 F 3 N 4 0 6 . H 2 O  :   C,  5 6 . 5 6 ;   H,  5 . 5 9 ;   N,  9 . 4 2  

F o u n d :   C,  5 6 . 5 8 ;   H,  5 . 5 9 ;   N,  9 . 2 2  

E x a m p l e   8 6  

3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) m e t h o x y c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,  

R 3 = 4 - [ C H 3 O C ( O ) ]∅C H 2 - ,   R4=H,  A=OCO,  n = l )  



a.  ( 4 - M e t h o x y c a r b o n y l p h e n y l ) m e t h y l   4 - n i t r o p h e n y l   c a r -  

b o n a t e .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7a ,   b u t   o m i t t i n g  

t h e   pH  7 .0   w a s h ,   m e t h y l   4 - h y d r o x y m e t h y l b e n z o a t e   w a s  
c o n v e r t e d   i n t o   t h e   t i t l e   c o m p o u n d   w h i c h   was  i s o l a t e d  

by  t r i t u r a t i o n   w i t h   h e x a n e s ,   w a s h e d   w i t h   h e x a n e s : E t O A c  

( 1 : 1 ) ,   and  d r i e d   u n d e r   v a c u u m   to  p r o v i d e   a  50%  y i e l d ;  

TLC,  R f = 0 . 7 5 ,   E t O A c : h e x a n e   ( 1 : 1 ) .  

b.  2 ( R S ) , 3 ( S R ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) m e t h o x y c a r -  

b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1=  

C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H ,   R 3 = 4 - [ C H 3 O C ( O ) ] ∅ C H 2 ,  
R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   7b,  m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   t h e   p r o d u c t   of  E x a m p l e   86a  to  p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   w h i c h   was  i s o l a t e d   in   48%  y i e l d   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( a c e t o n e :   h e x a n e s  

( 2 : 3 ) ) ,   TLC,  R f = 0 . 6 3   &  0 . 6 8 ,   MeOH:CHCl3  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C26H36F3N3O7 :   C,  5 5 . 8 1 ;   H,  6 . 4 8 ;   N,  7 . 5 1  

F o u n d :   C,  5 5 . 5 4 ;   H,  6 . 3 9 ;   N,  7 . 2 9  

c.  3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) m e t h o x y c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ C H 3 O C ( O ) ] ∅ C H 2 ,  R 4 = H ,   A=OCO, 

n = 1 ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   3 3 c ,   t h e   p r o d u c t  

of   E x a m p l e   86b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  p r e p a r a t i v e   TLC  ( E t O A c : E t 2 0   ( 3 : 2 ) ) ,   t h e   t i t l e  

p r o d u c t   ( 10%) ;   HPLC,  t R  4 . 3 2  &   6 . 4 4 ,   H2O:CH3CH  ( 1 : 1 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 6 H 3 4 F 3 N 3 O 7 .  0 . 6 5 H 2 O :   C,  5 4 . 8 6 ;   H,  6 . 2 5 ;   N,  7 . 3 8  

F o u n d :   C,  5 4 . 8 7 ;   H,  6 . 2 5 ;   N,  7 . 0 5  

E x a m p l e   8 7  

3 ( R S ) - [ E - 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p - 2 -  

e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = E - 4 - [ C H 3 C H 2 O - C ( O ) ]∅C H = C H ,   R4=H,  A=CO,  

n = l )  

a.  E t h y l   4 - f o r m y l b e n z o a t e .  

A  m i x t u r e   of   4 - f o r m y l b e n z o i c   a c i d   (25  g )  

conc   s u l f u r i c   a c i d   (2  ml)   and  EtOH  ( 1 9 . 5   ml)   was  r e -  

f l u x e d   g e n t l y   f o r   5  d a y s   in   100  ml  of   1 , 2 - d i c h l o r o -  

e t h a n e .   The  s o l v e n t   was  t h e n   s t r i p p e d ,   and  Et2O  w a s  

a d d e d   to  t h e   r e s i d u e .   The  Et2O  s o l u t i o n   was  w a s h e d  

( s a t d   aq  NaHCO3)  d r i e d   ( N a 2 S 0 4 ) ,   f i l t e r e d ,   and  e v a p o r -  
a t e d .   Bu lb   to  b u l b   d i s t i l l a t i o n   a f f o r d e d   2 0 . 1   g  ( 6 8 % )  

of   t h e   t i t l e   e s t e r   as  a  c l e a r   l i q u i d ,   bp  1 4 5 - 1 5 0 °  

( 2 9 0 0   P a s c a l s ,   22  t o r r ) .  

b.  E - ( 4 - E t h o x y c a r b o n y l ) b e n z e n e p r o p e n o i c   a c i d .  



A  m i x t u r e   of   t h e   p r o d u c t   of  E x a m p l e   8 7 a  

( 8 . 9   g ) ,   m a l o n i c   a c i d   ( 1 0 . 4   g ) ,   and  p i p e r i d i n e   (1  m l )  

in   25  ml  of   p y r i d i n e   was  h e a t e d   o n  a   s t e a m   b a t h   f o r   3 

h r .   A f t e r   t h e   s o l v e n t   was  e v a p o r a t e d   and  t h e   r e s i d u e  

s l u r r i e d   in   200  ml  of  w a t e r ,   t h e   pH  was  a d j u s t e d   to  6 

w i t h   a c e t i c   a c i d .   The  p r e c i p i t a t e   was  c o l l e c t e d   a n d  

a i r   d r i e d .   C r y s t a l l i z a t i o n   of   t h e   m a t e r i a l   f r o m   E t O H  

g a v e   1 0 . 1   g  (92%)  of   t h e   t i t l e   a c i d   as  s p a r k l i n g  

w h i t e   c r y s t a l s ,   mp  2 2 0 . 5 - 2 2 1 ° .  

c.  2 ( R S ) , 3 ( S R ) - [ E - 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o -  

p r o p - 2 - e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y -  

d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = E - [ 4 -  

CH3CH2O-C(O) ]∅CH=CH,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   t h e   p r o d u c t   of  E x a m p l e   87b  to  p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   in   88%  y i e l d ;   TLC,  R f = 0 . 1 4   & 

0 . 1 8 ,   MeOH:CH2Cl2   ( 5 : 9 5 ) .  

d.  3 ( R S ) - [ E - 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p - 2 -  

e n y l ] - L - v a l y l - N - ( 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1=  

C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = E - [ 4 - C H 3 C H 2 O C ( O ) ] ∅ -  

HC=CH,  R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  
of  E x a m p l e   87c  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:  CH2Cl2  ( 2 : 9 8 ) ) ,  



t h e   t i t l e   p r o d u c t   (65%.);  TLC,  Rf=  0 . 2 3 ,   M e O H : C H 2 C l 2  

( 5 : 9 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C28H36F3N3O6 :   C,  5 9 . 2 5 ;   H,  6 . 3 9 ;   N,  7 . 4 0  

F o u n d :   C,  5 9 . 1 4 ;   H,  6 . 7 5 ;   N,  7 . 2 1  

E x a m p l e   8 8  

3 ( R S ) - ( 2 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - v a l y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 2 -  

[ C H 3 C H 2 O C ( O ) ]∅ ,   R4 =H,  A=NHCO,  n = 1 ) .  

a.  2 ( R S ) , 3 ( S R ) - ( 2 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 =  

C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 2 - [ C H 3 C H 2 O C ( O ) ]∅ ,   R 4 =  

H,  A=NHCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   15a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   e t h y l   2 - i s o c y a n a t o b e n z o a t e   to  p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   w h i c h   was  i s o l a t e d   in   66%  y i e l d   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   (E tOAc:   h e x a n e  

( 6 0 : 4 0 ) ) ;   TLC,  R f = 0 . 4 8   &  0 . 5 7 ,   MeOH:CHCl3  ( 5 : 9 5 ) .  

b.  3 ( R S ) - ( 2 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o - p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = C H ( C H 3 ) C H 3 ,   R 3 = Z - ( C H 3 C H 2 O C O ) 0 ,   R4=H,  A=NHCO, 

n = 1 ) .  



A  m o d i f i c a t i o n   of   t h e   p r o c e d u r e   of   E x a m p l e  

54b  was  done   u s i n g   t h e   i n d i c a t e d   r a t i o s   of  t h e   p r o d u c t  

of   E x a m p l e   88a   (1  e q u i v a l e n t ) ,   o x a l y l   c h l o r i d e   ( 2  

e q u i v a l e n t s ) ,   DMSO  (4  e q u i v a l e n t s )   w i t h   t h e   r e a c t i o n  

m i x t u r e   c o o l e d   to   - 4 5 °   f o r   t h e s e   a b o v e - l i s t e d   a d d i -  

t i o n s   and   w a r m e d   to  - 2 0 °   f o r   a d d i t i o n   of   t h e   TEA 

( i n s t e a d   of   d i i s o p r o p y l e t h y l a m i n e ) .   The  w o r k   u p  
i n c l u d e d   w a s h i n g   (1N  HC1,  s a t d   aq  NaHCO3,  10%  a q  

NaOC1,   b r i n e ) .   The  t i t l e   p r o d u c t   was  o b t a i n e d   a f t e r  

p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t 2 O : h e x a n e  
( 4 : 1 ) )   i n   74%  y i e l d ;   HPLC,  t R = 6 . 9 5   &  1 0 . 4 6 ,   Col  A ,  

CH3CN:H2O  ( 3 5 : 6 5 ) ,   F R - 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 6 H 3 5 F 3 N 4 O 6 · 0 . 7 5   H2O:  C,  5 4 . 7 8 ;   H,  6 . 4 5 ;   N,  9 . 8 3  

F o u n d :   C,  5 4 . 7 3 ;   H,  6 . 3 4 ;   N,  9 . 5 1  

E x a m p l e   8 9  

3 ( R S ) - 4 - [ ( 4 - N i t r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n y l -  

c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1 =CH (CH3) CH3 ,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 - N 0 2 0 ) S  ( O 2 ) N H C O ] 0 ,   R4=H,  A=CO,  

n = 1 )  

4 - N i t r o b e n z e n e   s u l f o n a m i d e   ( 0 . 1 9 6   g,  0 . 9 7   m m o l )  

was  a d d e d   to   a  s t i r r e d   s o l u t i o n   of  t h e   p r o d u c t   of  E x a m p l e  

79  ( 0 . 5   g ,  0 . 9 7   m m o l ) ,   DMAP  ( 0 . 1 2   g,  0 . 9 7   m m o l ) ,   DCC 

( 0 . 2 2   g,  0 . 9 7   m m o l ) ,   and  d ry   CH2Cl2  (30  ml)  u n d e r   n i t r o g e n  

a t   room  t e m p e r a t u r e .   The  r e s u l t i n g   m i x t u r e   was  s t i r r e d  

o v e r n i g h t   a t   room  t e m p e r a t u r e   and  f i l t e r e d .   The  f i l t r a t e  

was  w a s h e d   (IN  H C l ) ,   d r i e d   ( M g S O 4 ) ,   f i l t e r e d ,   and   c o n -  



c e n t r a t e d   u n d e r   v a c u u m   to  a  y e l l o w   r e s i d u e   w h i c h   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y ,   ( C H C l 3 : M e O H : A c O H  
( 9 0 : 9 . 8 : 0 . 2 ) )   to  g i v e   0 . 2 9   g  (43%)  of   t h e  t i t l e   c o m -  

p o u n d   as  a  w h i t e   p o w d e r ;   HPLC,  t R = 4 . 2 6   &  8 . 4 2 ,   Col  A ,  

HZO:CH3CN  ( 4 : 1 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 4 F 3 N 5 O 9 . H 2 O :   C,  5 0 . 3 4 ;   H,  5 . 0 6 ;   N,  9 . 7 8  

F o u n d :   C,  5 0 . 0 3 ;   H,  4 . 9 2 ;   N,  9 . 4 3  

E x a m p l e   90  

3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - g l u t a m y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   p h e n y l -  

m e t h y l   e s t e r   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = - ( C H 2 ) 2 C -  

(O)OCH20,   R 3 = 0 C H 2 - ,   R4=H,  A=OCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - P h e n y l m e t h o x y c a r b o n y l - L - g l u t a m y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o -  

l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 2 ) 2 C ( O ) O C H 2 0 ,   R 3 = 0 C H 2 - ,   R4 =H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   84b ,   C B Z - g l u t a -  

mic   a c i d   g a m m a - b e n z y l e s t e r   was  a l l o w e d   to  r e a c t   w i t h  

m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  t h e   m e t h o d   of   E x a m p l e  

2b  to  p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   64% 

y i e l d   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

( g r a d i e n t   e l u t i o n ,   h e x a n e : E t 2 0   ( 1 : 3 )   to   E t 2 O ) ;   T L C ,  

R f = 0 . 6 1 ,   E t 2 O .  



b.  3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - g l u t a m y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

p h e n y l m e t h y l   e s t e r   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 2 ) 2 C ( O ) O C H 2 0 ,   R 3 = 0 C H 2 - ,   R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   54b ,   t h e   p r o d u c t  
o f   E x a m p l e   90a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t ,   h e x a n e : E t 2 O  
( 2 : 8 )   to   ( 1 : 9 ) ) ,   t h e   t i t l e   p r o d u c t   (30%) ;   HPLC,  t R  
6 . 1 2   &  8 . 4 8 ,   Col  A,  CH3CN:H2O  ( 1 : 1 ) ,   F R = 3 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 1 H 3 6 F 3 N 3 O 7 . 2 H 2 O :   C,  5 6 . 7 8 ;   H,  6 . 1 5 ;   N,  6 . 4 1  

F o u n d :   C,  5 6 . 9 8 ;   H,  5 . 7 4 ;   N,  6 . 1 2  

E x a m p l e   91  

3 S ( o r   R ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) s u l f o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,  
R 3 = 1 - a d a m a n t y l ,   R4=H,  A = S ( O 2 ) ,   n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) = s u l f -  

i n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1=  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H ,   R 3 = 1 - a d a m a n t y l ,   R 4 = H ,  

A = S ( O ) ,   n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   20a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of  E x a m p l e   3d  was  a l l o w e d   t o  

r e a c t   w i t h   p r o d u c t   f r o m   E x a m p l e   82a  to  p r o v i d e   t h e  

t i t l e   c o m p o u n d   w h i c h   was  i s o l a t e d   by  f l a s h   c h r o m a -  



t o g r a p h y   ( E t O A c : E t 2 O   ( 2 : 3 ) ) ;   TLC,  R f = 0 . 7 5 ,   MeOH:CHC13 
( 1 : 9 ) .  

b.  2 ( R S ) , 3 ( S R ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) s u l f o n y l -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 )  

C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 1 - a d a m a n t y l ,   R4=H,  A = S ( O 2 ) ,  
n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   8 2 c ,   t h e   p r o d u c t  

of   E x a m p l e   91a  was  c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t ,  

i s o l a t e d   in   60%  y i e l d   a f t e r   p u r i f i c a t i o n   by  f l a s h  

c h r o m a t o g r a p h y   ( E t O A c : h e x a n e   ( 2 : 3 ) ) ;   TLC,  R f = 0 . 2 9   & 

0 . 3 5 ,   E t O A c : h e x a n e   ( 1 : 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 6 H 4 2 F 3 N 3 O 5 S . 2 . 5 H 2 O :   C,  5 1 . 1 3 ;   H,  7 . 7 5 ;   N,  6 . 8 8  

F o u n d :   C,  5 1 . 1 2 ;   H,  7 . 0 3 ;   N,  6 . 4 0  

c.  3 S ( o r   R ) - T r i c y c l o [ 3 . 3 . 1 3 , 7 ] d e c - 1 - y l ) s u l f o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 1 - a d a m a n t y l ,   R4=H,  A = S ( O 2 ) ,   n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   33c ,   t h e   p r o d u c t  

of  E x a m p l e   91b  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t O A c : h e x a n e   ( 1 : 1 ) ) ,   t h e  

t i t l e   p r o d u c t   (57%)  as  one  s u b s t a n t i a l l y   p u r e   i s o m e r ;  

HPLC,  t R = 3 . 0 1 ,   Col  A,  H2O:CH3CN  ( 4 5 : 5 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 6 H 4 0 F 3 N 3 O 5 S . O . 4 H 2 O :   C,  5 4 . 7 0 ;   H,  7 . 2 0  

F o u n d :   C,  5 4 . 8 9 ;   H,  7 . 1 7  



E x a m p l e   92  

3 ( R S ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L - p h e n y l -  

g l y c y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = 0 ,   R 3 = 4 -  

[ C H 3 C H 2 O - C ( O ) ] 0 ,   R4=H,  A=NHCO,  n = 1 )  

a.  2 ( R S ) , 3 ( S R ) - P h e n y l m e t h o x y c a r b o n y l - L - p h e n y l g l y c y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = 0 ,  

R 3 = 0 C H 2 - ,   R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   5 0 a ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   of   E x a m p l e   7 6 b  

was  a l l o w e d   to   r e a c t   w i t h   C B Z - L - p h e n y l - g l y c i n e   t o  

p r o v i d e ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CH2Cl2   ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   (95%) ;   T L C ,  

R f = 0 . 1 3  &   0 . 1 9 ,   MeOH:CH2C12  ( 5 : 9 5 ) .  

b.   2 ( R S ) , 3 ( S R ) - L - P h e n y l g l y c y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

-  IVb,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = 0 ,   R 4 = H ,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of  E x a m p l e   2b,  m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   of   E x a m p l e   92a  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   in   100%  y i e l d .  

c.  2 ( R S ) , 3 ( S R ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - p h e n y l g l y c y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R2=0,   R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 ,   R4=H,  A= 

NHCO,  n = 1 ) .  



U s i n g   t h e   m e t h o d   of   E x a m p l e   15a ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   o f   E x a m p l e   92b  w a s  

a l l o w e d   to  r e a c t   w i t h   e t h y l   4 - i s o c y a n a t o b e n z o a t e   t o  

p r o v i d e   t h e   t i t l e   p r o d u c t   ( 86%) ;   TLC,  R f = 0 . 2 4   &  0 . 2 7 ,  

MeOH:Et2O  ( 1 : 9 9 ) .  

d.  3 ( R S ) - ( 4 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l - L -  

p h e n y l g l y c y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 =  

C H ( C H 3 ) - C H 3 ,   R2=0,   R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 ,   R 4 = H ,  

A=NHCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   31c ,   t h e   p r o d u c t  
of   E x a m p l e   92c  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( g r a d i e n t ,   Et2O  to  CH3CN: 

Et2O  ( 1 : 9 9 ) ) ,   t h e   t i t l e   p r o d u c t   ( 82%) ;   HPLC,  t R =  8 . 8 8  
&  1 0 . 8 2 ,   Col  A,  CH3CN:H2O  ( 4 5 : 5 5 ) ;   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 9 H 3 3 F 3 N 4 O 6 . 0 . 6 4 H 2 O  :   C,  5 6 . 7 7 ;   H,  5 . 8 0 ;   N,  8 . 7 5  

F o u n d :   C,  5 6 . 6 2 ;   H,  5 . 7 8 ;   N,  8 . 7 8  

E x a m p l e   93  

3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - [ 5 - ( p h e n y l s u l f o n y l -  

a m i n o ) g l u t a m y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = 0 S ( O 2 ) N H C ( O )  ( C H 2 ) 2 ,   R3=0CH2,   R4=H ,  A=OCO,  n=1 )  



a.  3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - g l u t a m y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = H O C O ( C H 2 ) 2 ,  

R3=0CH2,   R4=H,  A=OCO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14,  m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   90b  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t ;   TLC,  R f = 0 . 2 7 ,   MeOH: 

CHCI3:AcOH  ( 2 . 5 : 9 5 : 0 . 1 ) .  

b.  3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - [ 5 - ( p h e n y l s u l f o n y l -  

a m i n o ) g l u t a m y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1=  

C H ( C H 3 ) - C H 3 ,   R 2 = 0 S ( O 2 ) N H C ( O ) ( C H 2 ) 2 ,   R 3 = 0 C H 2 - ,  
R4=H,  A=OCO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   77b ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   of   E x a m p l e   9 3 a  

was  a l l o w e d   to  r e a c t   w i t h   b e n z e n e s u l f o n a m i d e   t o  

p r o v i d e ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

( g r a d i e n t ,   MeOH:Et2O  ( 2 . 5 : 9 7 . 5 )   to  ( 5 : 9 5 ) ) ,   t h e   t i t l e  

p r o d u c t   ( 4 0 % ) ;   HPLC,  t R = 7 . 3 8   &  1 0 . 3 5 ,   Col  A,  H2O:CH3CN 
( 6 5 : 3 5 ) ,   F R = 2 . 5 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 5 F 3 N 4 O 8 S . 1 . 5 H 2 O :   C,  5 1 . 7 9 ;   H,  5 . 5 1 ;   N,  8 . 1 9  

F o u n d :   C,  5 1 . 7 0 ;   H,  5 . 2 4 ;   N,  7 . 8 9  



E x a m p l e   94  

3 ( R S ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l c a r b o n y l ] -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1=CH(CH3  )CH3,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 4 - [ 0 S ( O 2 ) N H - C ( O ) ] 0 ,   R4=H,  A=CO,  n = 1 )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   89,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   79  w a s  

a l l o w e d   to  r e a c t   w i t h   b e n z e n e s u l f o n a m i d e   to  p r o v i d e ,  

a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t O A c :  

E t 2 O : A c O H   ( 2 5 : 7 4 . 9 : 0 . 1 ) ) ,   t h e   t i t l e   p r o d u c t   ( 3 3 % ) ;  

HPLC,  t R = 3 . 7 1   &  5 . 6 5 ,   Col  A,  H2O:  CH3CN  ( 3 : 1 ) ;   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 5 F 3 N 4 O 7 S . 1 . 2 5 H 2 O :   C,  5 3 . 3 6 ;   H,  5 . 5 9 ;   N,  8 . 2 9  

F o u n d :   C,  5 3 . 7 5 ;   H,  5 . 6 4 ;   N,  7 . 7 2  

E x a m p l e   95  

3 ( R S ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n y l -  

c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R  = ( C H 3 ) 2 C H - ,   R 3 = 4 - ( ( 4 - B r 0 ) S ( O 2  ) N H C ( O ) ] 0 ,   R4=H,  A=CO,  

n = l )  

a.  4 - B r o m o b e n z e n e s u l f o n a m i d e .  

U s i n g   t h e   p r o c e d u r e   of   E x a m p l e   7 7 a ,   4 - b r o m o -  

b e n z e n e s u l f o n y l   c h l o r i d e   ( 1 0 . 0   g,  3 9 . 6   mmol)  was  c o n -  

v e r t e d   i n t o   t h e   t i t l e   p r o d u c t ,   o b t a i n e d   as  w h i t e  

c r y s t a l s   ( 8 . 4 5   g,  92%);   m . p .   1 6 3 - 1 6 5 ° .  



b.  3 ( R S ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,  

R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 - B r - 0 ) S ( O 2 )  

N H C ( O ) ] 0 ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   89,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   79  w a s  

a l l o w e d   to  r e a c t   w i t h   t h e   p r o d u c t   of  95a  to  p r o v i d e ,  

a f t e r   p u r i f i c a t i o n   by  r e c r y s t a l l i z a t i o n   f r o m   h e x a n e /  

E t 2 O ,   t h e   t i t l e   p r o d u c t   ( 5 0 % ) ;   HPLC,  tR7  5 . 2 5   &  7 . 8 4 ,  

Col  A,  H2O:CH3CN  ( 7 7 . 5 : 2 2 . 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 4 B r F 3 N 4 O 7 S . 0 . 7 5 H 2 O :   C,  4 8 . 3 6 ;   H,  4 . 8 0 ;   N,  7 . 5 2  

F o u n d :   C,  4 8 . 6 1 ;   H,  4 . 8 9 ;   N,  7 . 1 8  

E x a m p l e   96  

3 ( R S ) - 4 - ( 1 - N a p h t h y l s u l f o n y l a m i n o ) - 1 , 4 - d i o x o b u t y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 ( C H 3 ) 2 C H - ,  

R 3 = 1 - n a p h t h y l - S ( O 2 ) N H C ( O ) ( C H 2 ) 2 - ,   R4=H,  A=CO,  n = 1 )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   89  m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   14  w a s  

a l l o w e d   to  r e a c t   w i t h   1 - n a p h t h a l e n e s u l f o n a m i d e   t o  

p r o v i d e ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CHC13  ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 46%) ;   H P L C ,  



t R = 4 . 0 9   &  6 . 5 7 ,   Col   A,  H2O:CH3CN  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 7 F 3 N 4 O 7 S . 0 . 5 H 2 O :   C,  5 4 . 2 9 ;   H,  5 . 7 7 ;   N,  8 . 4 4  

F o u n d :   C,  5 4 . 3 3 ;   H,  6 . 0 1 ;   N,  8 . 0 9  

E x a m p l e   9 7  

3 ( R S ) - [ 2 - ( 4 - A m i n o c a r b o n y l p h e n o x y ) - 1 - o x o e t h y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 -  

[ H 2 N C ( O ) ] 0 O C H 2 ,   R4=H,  A=CO,  n = l )  

a.  4 - A m i n o c a r b o n y l p h e n o x y a c e t i c   a c i d   m e t h y l e s t e r .  

A  m i x t u r e   of   p - h y d r o x y b e n z a m i d e   ( 3 . 4 3   g ) ,  

m e t h y l   b r o m o a c e t a t e   ( 2 . 3 7   ml)  and  K2CO3  ( 3 . 4 5   g)  w a s  

s t i r r e d   f o r   12  hr   in   25  ml  of   DMF.  The  r e a c t i o n  

m i x t u r e   was  d i l u t e d   w i t h   w a t e r   (150  m l ) ;   t h e   s o l i d   w a s  

f i l t e r e d ,   w a s h e d   w i t h   w a t e r ,   and  a i r   d r i e d .   C r y s t a l -  

l i z a t i o n   f r o m   e t h a n o l   g a v e   3 .3   g  (63%)  of  t h e   t i t l e  

c o m p o u n d   as  w h i t e   c r y s t a l s .  

b.  4 - A m i n o c a r b o n y l p h e n o x y a c e t i c   a c i d .  

A  m i x t u r e   of  t h e   p r o d u c t   of   E x a m p l e   9 7 a  

( 3 . 3   g)  in   0 .5   N  NaOH  (30  ml)   was  s t i r r e d   f o r   3  h r .  

The  s o l u t i o n   was  f i l t e r e d   and  t h e   f i l t r a t e   made  a c i d i c  

(pH  1)  w i t h   1N  HC1.  The  s o l i d   was  f i l t e r e d   and  a i r  

d r i e d   to  y i e l d   3 .0   g  (97%)  of   t h e   t i t l e   a c i d   as  a  

w h i t e   p o w d e r ;   mp  2 5 5 - 2 5 6 ° .  



c.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 4 - a m i n o c a r b o n y l p h e n o x y ) - 1 - o x o -  

e t h y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R 1 =  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ H 2 N C ( O ) ] 0 O C H 2 ,  
R4=H,  A=CO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   5d  was  a l l o w e d   t o  

r e a c t   w i t h   m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   9 7 b  

to  p r o v i d e   t h e   t i t l e   c o m p o u n d ,   i s o l a t e d   in   33%  y i e l d ;  

TLC,  R f = 0 . 2 7   &  0 . 3 1 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  

d.  3 ( R S ) - [ 2 - ( 4 - A m i n o c a r b o n y l p h e n o x y ) - 1 - o x o e t h y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 4 - [ H 2 N C ( O ) ] 0 O C H 2 ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of   E x a m p l e   97c  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 4 : 9 6 ) ) ,   t h e  

t i t l e   p r o d u c t   ( 35%) ;   TLC,  R f = 0 . 3 7 ,   MeOH:CHC13  ( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 3 F 3 N 4 O 6 . 1 . 5 H 2 O :   C,  5 2 . 7 2 ;   H,  6 . 3 7 ;   N,  9 . 8 3  

F o u n d :   C,  5 2 . 7 8 ;   H,  6 . 0 3 ;   N,  9 . 6 5  

E x a m p l e   98  

3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) m e t h o x y c a r b o n y l - L -  

v a l y l - N - ( 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 4 - [ H O C ( O ) ] 0 C H 2 ,   R4=H,  A=OCO,  n = 1 )  



U s i n g   t h e   m e t h o d   of  E x a m p l e   14,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   86c  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   and   i s o l a t e d   by  p r e -  

p a r a t i v e   TLC  (MeOH:CHC13  ( 1 5 : 8 5 ) )   in   45%  y i e l d ;   H P L C ,  

t R = 2 . 2 7   &  3 . 0 2 ,   Col   A,  H20:CH3CN  ( 6 0 : 4 0 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 3 2 F 3 N 3 O 7 · 2 H 2 O :   C,  5 1 . 8 1 ;   H,  6 . 2 6 ;   N,  7 . 2 5  

F o u n d :   C,  5 1 . 7 5 ;   H,  5 . 6 3 ;   N,  7 . 1 5  

E x a m p l e   99  

3 ( R S ) - [ 4 - [ 4 - ( 2 - A m i n o - 2 - o x o e t h y l ) p h e n o x y ] - 1 - o x o b u t y l ] -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H ,  

R 3 = 4 - [ H 2 N C ( O ) C H 2 ] 0 O ( C H 2 ) 3 ,   R4=H,  A=CO,  n = l )  

a.  4 - ( 4 - A m i n o c a r b o n y l p h e n o x y ) b u t a n o i c   a c i d   e t h y l  

e s t e r .  

A  m i x t u r e   of   p - h y d r o x y p h e n y l a c e t a m i d e   ( 3 . 8  

g ) ,   e t h y l   4 - b r o m o b u t y r a t e   ( 3 . 6   ml)   and   K2CO3  ( 3 . 4 5   g )  

was  s t i r r e d   f o r   12  hr   in   DMF  (30  m l ) .   The  m i x t u r e   w a s  

d i l u t e d   w i t h   w a t e r   (100  m l ) ;   t h e   s o l i d   was  f i l t e r e d  

and  a i r   d r i e d .   C r y s t a l l i z a t i o n   of  t h e   s o l i d   f r o m  

e t h a n o l   g a v e   4  g  (60%)  of   t h e   t i t l e   c o m p o u n d   as  w h i t e  

c r y s t a l s ;   mp  1 4 4 . 5 - 1 4 5 . 5 ° .  

b.  4 - ( 4 - A m i n o c a r b o n y l p h e n o x y ) b u t a n o i c   a c i d .  

A  m i x t u r e   of   t h e   p r o d u c t   of   E x a m p l e   9 9 a  

( 3 . 9 7   g)  in   1N  NaOH  (20  ml)  was  s t i r r e d   o v e r n i g h t   a t  



room  t e m p e r a t u r e .   The  s o l u t i o n   was  f i l t e r e d   and  m a d e  

a c i d i c   w i t h   IN  HC1.  The  s o l i d   was  f i l t e r e d   and   d r i e d  

u n d e r   h i g h   v a c u u m   to  y i e l d   3  g  (82%)  of   t h e   t i t l e  

c o m p o u n d   as  a  w h i t e   p o w d e r ;   m . p .   1 6 2 . 5 - 1 6 4 ° .  

c.  2 ( R S ) , 3 ( S R ) - [ 4 - [ 4 - ( 2 - A m i n o - 2 - o x o e t h y l ) p h e n o x y ] -  

1 - o x o b u t y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 -  

h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ H 2 N C ( O )  

C H 2 ] 0 O ( C H 2 ) 3 ,  R 4 = H ,   A=CO,  N = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   5d  was  a l l o w e d   t o  

r e a c t   w i t h   t h e   p r o d u c t   of  E x a m p l e   99b  to  p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   in   71%  y i e l d ;   TLC,  R f = 0 . 2 8   & 

0 . 3 1 ,   MeOH:CHC13  ( 1 : 9 ) .  

d.  3 ( R S ) - [ 4 - ( 2 - a m i n o - 2 - o x o e t h y l ) p h e n o x y ] - 1 - o x o b u t y l ] -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,  R 3 = 4 - [ H 2 N C ( O ) C H 2 ] 0 O ( C H 2 ) 3 ,   R4=H,  A=CO,  

n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   6 1 c ,   t h e   p r o d u c t  

of  E x a m p l e   99c  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n  b y   f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 4 : 9 6 ) ) ,   t h e  

t i t l e   p r o d u c t   (32%) ;   HPLC,  t R = 2 . 1 1   &  3 . 0 1 ,   Col  B ,  

H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 :   1 5 : 0 . 1 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 8 H 3 9 F 3 N 4 O 6 . 5 H 2 O :   C,  5 6 . 6 5 ;   H,  6 . 7 9 ;   N,  9 . 4 3  

F o u n d :   C,  5 6 . 8 3 ;   H,  6 . 9 8 ;   N,  9 . 2 4  



E x a m p l e   1 0 0  

3 ( R S ) - E - [ 3 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p - 2 -  

e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

( C H 3 ) 2 C H - ,   R 3 = E - 4 - [ H O C ( O ) ] 0 C H = C H - ,   R4=H,  A=CO,  n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   14,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   87d  w a s  

c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   in   88%  y i e l d ;   H P L C ,  

t R = 2 . 6  &   3 . 4 ,   Col   B,  H2O:CH3CN:  THF:TFA  ( 5 5 : 3 5 : 1 5 :  

0 . 1 ) ,   F R = 1 . 5 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 6 H 3 2 F 3 N 3 O 6 · 0 · 3 5 H 2 O :   C,  5 7 . 2 1 ;   H,  6 . 0 3 ;   N,  7 . 9 6  

F o u n d :   C,  5 7 . 4 0 ;   H,  6 . 4 0 ;   N,  7 . 3 8  

E x a m p l e   1 0 1  

3 ( R S ) - [ 2 - ( 4 - E t h o x y c a r b o n y l p h e n o x y ) - 1 - o x o e t h y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,  

R 3 =  4 - [ C H 3 C H 2 O C ( O ) 0 O C H 2 ,   R4=H,  A=CO,  n = 1 )  

a.  E t h y l   4 - [ 2 - 0 x o - 2 - ( p h e n y l m e t h o x y ) e t h o x y ] b e n z o a t e .  

A  m i x t u r e   o f   e t h y l   p - h y d r o x y b e n z o a t e   ( 4 . 9 8  

g ) ,   b e n z y l   b r o m o a c e t a t e   ( 4 . 7 5   ml)   and  K2CO3  ( 4 . 1 4   g )  

was  s t i r r e d   f o r   15  hr   in   30  ml  of   DMF.  The  r e a c t i o n  

m i x t u r e   was  d i l u t e d   w i t h   w a t e r   (200  ml)  and   e x t r a c t e d  

w i t h   a  1 :1   e t h e r : h e x a n e   m i x t u r e .   The  c o m b i n e d   o r g a n i c  

e x t r a c t s   w e r e   w a s h e d   ( w a t e r ,   b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,  



f i l t e r e d ,   and  e v a p o r a t e d   l e a v i n g   9 . 3   g,  (99%)  of   t h e  

t i t l e   c o m p o u n d   as  a  h e a v y  o i l ;   TLC,  R f = 0 . 7 1 ,   E t 2 O :  
h e x a n e   ( 1 : 1 ) .  

b.   E t h y l   4 - ( 2 - H y d r o x y - 2 - o x o e t h o x y ) b e n z o a t e .  

A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   1 0 1 a  

( 2 . 0   g)  in   EtOH  (50  ml)  was  h y d r o g e n a t e d   a t   1 7 0 , 0 0 0  

P a s c a l s   (10  p s i )   u s i n g   10%  Pd /C   (200  mg) .   A f t e r   20  

min  t h e   r e a c t i o n   was  c o m p l e t e   and  t h e   r e a c t i o n   m i x t u r e  

was  f i l t e r e d   t h r o u g h   a  pad   of   C e l i t e ®   and  c o n c e n t r a t e d  

u n d e r   v a c u u m .   The  r e s i d u e   was  c r y s t a l l i z e d   f r o m  

m e t h y l   t e r t - b u t y l   e t h e r / h e x a n e   a f f o r d i n g   9 0 0  m g   ( 6 3 % )  

of   t h e   t i t l e   c o m p o u n d   as  f i n e   w h i t e   n e e d l e s ;   mp 
1 2 9 - 1 3 0 ° .  

c.  2 ( R S ) , 3 ( S R ) - [ 2 - ( 4 - E t h o x y c a r b o n y l p h e n o x y ) - 1 - o x o e t h -  

y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 -  

OCH2,  R4=H,  A=CO,  n = 1 ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   32a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   5d  was  a l l o w e d   t o  

r e a c t   w i t h   t h e   p r o d u c t   of   E x a m p l e   101b  to  p r o v i d e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   in   92%  y i e l d ;   TLC,  R f = 0 . 4 7   & 

0 . 5 3 ,   MeOH:CH2Cl2   ( 1 : 9 ) .  



d.  3 ( R S ) - [ 2 - ( 4 - E t h o x y c a r b o n y l p h e n o x y ) - 1 - o x o e t h -  

y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 3 ) 2 C H ,   R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 O C H 2 ,  R 4 = H ,   A= 

CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c ,   t h e   p r o d u c t  

of   E x a m p l e   101c   was  o x i d i z e d   to   a f f o r d ,   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:  CH2Cl2  ( 2 : 9 8 ) ) ,  

t h e   t i t l e   p r o d u c t   ( 4 1 % ) ;   TLC,  R f = 0 . 3 7 ,   MeOH:CHC13 
( 1 : 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 H 3 6 F 3 N 3 0 7 :   C,  5 6 . 7 4 ;   H,  6 . 3 5 ;   N,  7 . 3 5  

F o u n d :   C,  5 6 . 4 0 ;   H,  6 . 5 0 ;   N,  7 . 1 2  

E x a m p l e   1 0 2  

3 ( R S ) - [ 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H ,  

R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 ( C H 2 ) 2 - ,   R4=H,  A=CO,  n = 1 )  

a.  4 - E t h o x y c a r b o n y l b e n z e n e p r o p a n o i c   a c i d .  

A  s o l u t i o n   o f   4 - c a r b e t h o x y c i n n a m i c   a c i d   ( 4 . 9  

g)  i n   EtOH  (120  ml)   was  h y d r o g e n a t e d   o v e r   5%  Rh/C  ( 4 8 5  

mg)  a t   a t m o s p h e r i c   p r e s s u r e   f o r   21  h r .   The  s o l u t i o n  

was  f i l t e r e d   and  s t r i p p e d .   The  r e s i d u e   was  c r y s t a l -  

l i z e d   f r o m   c y c l o h e x a n e   to  a f f o r d   2 . 2 3   g  (46%)  of   t h e  

t i t l e   c o m p o u n d   as  w h i t e   c r y s t a l s ;   mp  1 0 8 . 5 - 1 1 0 . 5 ° .  



b.  2 ( R S ) , 3 ( S R ) - [ 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p -  

y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 -  

m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R  =  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 -  

( C H 2 ) 2 - ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   3 2 a ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of  E x a m p l e   5d  was  a l l o w e d   t o  

r e a c t   w i t h  t h e   p r o d u c t   of   E x a m p l e   102a   to  p r o d u c e   t h e  

t i t l e   c o m p o u n d ,   i s o l a t e d   in   83%  y i e l d   a f t e r   p u r i f i c a -  

t i o n   by  f l a s h   c h r o m a t o g r a p h y   (MeOH:CH2Cl2   ( 4 : 9 6 ) ) ;  

TLC,  R f = 0 . 3 3   &  0 . 3 8 ,   M e O H : C H 2 C l 2 ( 5 : 9 5 ) .  

c.  3 ( R S ) - [ 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ C H 3 C H 2 O C ( O ) ] 0 ( C H 2 ) 2 - ,   R 4 = H ,  

A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   84d ,   t h e   p r o -  
d u c t   of   E x a m p l e   102b  was  o x i d i z e d   to  a f f o r d   t h e   t i t l e  

p r o d u c t   ( 9 7 % ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 8 H 3 8 F 3 N 3 O 6 · 0 . 6 5   H2O:  C,  5 7 . 8 5 ;   H,  6 . 8 1 ;   N,  7 . 2 3  

F o u n d :   C,  5 7 . 8 9 ;   H,  6 . 8 3 ;   N,  6 . 9 8  

E x a m p l e   1 0 3  

3 ( R S ) - 4 - H y d r o x y b e n z o y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R l =  

C H ( C H 3 ) C H 3 '   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - ( H O ) 0 ,   R4=H,  A=CO,  n = 1 )  



a.  2 ( R S ) , 3 ( S R ) - 4 - H y d r o x y b e n z o y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 -  

(HO)0 ,   R4=H,  A=CO,  n = l ) .  

U s i n g   t h e   m e t h o d   of   E x a m p l e   84b ,   m a t e r i a l  

p r e p a r e d   by  t h e   p r o c e d u r e   of   E x a m p l e   5d  was  a l l o w e d   t o  

r e a c t   w i t h   4 - h y d r o x y b e n z o i c   a c i d   to  p r o v i d e   t h e   t i t l e  

c o m p o u n d   w h i c h   was  i s o l a t e d   in   65%  y i e l d   a f t e r   p u r i f i -  

c a t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( E t O A c : E t 2 0   ( 1 5 : 8 5 ) ) ;  

TLC,  R f = 0 . 4 3 ,   E t O A c : E t 2 O   ( 1 5 : 8 5 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 2 F 3 N 3 O 5 . 6 H 2 O :   C,  5 5 . 4 3 ;   H,  6 . 7 1 ;   N,  8 . 4 3  

F o u n d :   C,  5 5 . 7 6 ;   H,  6 . 6 2 ;   N,  8 . 0 3  

b.  3 ( R S ) - 4 - H y d r o x y b e n z o y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a  I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 -  

(HO)0 ,   R4=H,  A=CO,  n = l ) .  

The  p r o d u c t   of  E x a m p l e   1 0 3 a   was  o x i d i z e d   b y  

t h e   m e t h o d   of   E x a m p l e   33c  w i t h   t h e   f o l l o w i n g ,   m o d i f i e d  

w o r k u p :   The  c r u d e   r e s i d u e   was  d i s s o l v e d   in   MeOH  a n d  

s t i r r e d   w i t h   aq  K 2 C O 3  ( 5   ml)   a t   room  t e m p e r a t u r e   f o r  

16  h r .   A f t e r   t h e   m i x t u r e   was  p a r t i a l l y   c o n c e n t r a t e d  

u n d e r   v a c u u m ,   i t   was  a c i d i f i e d   w i t h   c o n c   HC1  and  e x -  

t r a c t e d   w i t h   E tOAc.   The  EtOAc  s o l u t i o n   was  w a s h e d  

( b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   f i l t e r e d ,   and   c o n c e n t r a t e d   t o  

a  r e s i d u e   w h i c h   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y  

( E t O A c : E t 2 0   ( 1 : 9 ) )   to   a f f o r d   t h e   t i t l e   c o m p o u n d   in   38% 



y i e l d ;   HPCL,  t R = 3 . 5 4  &   4 . 9 2 ,   Col   A,  CH3CN:H2O  ( 3 5 : 6 5 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 3 H 3 0 F 3 N 3 O 5 . 1 . 2   H2O:  C,  5 4 . 4 7 ;   H,  6 . 4 4 ;   N,  6 . 2 9  

F o u n d :   C,  5 4 . 8 3 ;   H,  6 . 4 9 ;   N,  7 . 8 9  

E x a m p l e   1 0 4  

3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n -  

y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 3 ) 2 C H ,   R 3 = 4 - [ ( 4 - C l 0 ) S ( O 2 ) N H C ( O ) ] 0 - ,   R4=H,  A=CO,  

n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   77b ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   of  E x a m p l e   79  w a s  
a l l o w e d   to  r e a c t   w i t h   4 - c h l o r o b e n z e n e s u l f o n a m i d e   t o  

p r o v i d e ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MEOH:CH2Cl2  ( 3 : 9 7 ) )   and  a c i d i f i c a t i o n   of   t h e   c h r o m a t -  

o g r a p h e d   p r o d u c t   w i t h   MeOH  and   IN  HC1  as  d e s c r i b e d   i n  

E x a m p l e   1 2 1 d ,   t h e   t i t l e   p r o d u c t   ( 6 6 % ) ,   HPLC,  t R = 4 . 2 6   & 

6 . 0 7 ,   Col  A,  H 2 0 : C H 3 C N : T H F : T F A   ( 5 5 : 3 5  :  1 5  :  0 . 1 ) .  

E x a m p l e   1 0 5  

3 ( R S ) - [ 3 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o p y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,  R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,  

R 3 - 4 - [ H O C ( O ) ] 0  ( C H 2 ) 2 ,  R 4 = H ,   A-CO,  n = 1 )  



U s i n g   t h e   m e t h o d   of   E x a m p l e   14,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   1 0 2 c  

was  c o n v e r t e d   i n t o   t h e   t i t l e   p r o d u c t   in   81%  y i e l d ;  

HPLC,  t R = 2 . 6   &  3 . 4 ,   Col   B,  H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 :  

1 5 : 0 . 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C26H34F3N3O6 :   C,  5 7 . 6 6 ;   H,  6 . 3 3 ;   N,  7 . 7 6  

F o u n d :   C,  5 6 . 9 8 ;   H,  6 . 4 9 ;   N,  7 . 3 5  

E x a m p l e   1 0 6  

3 ( R S ) - [ 3 - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l ] - 1 - o x o p r o p y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 =  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 - C l 0 ) S ( O 2 ) N H C ( O ) ] 0 -  

( C H 2 ) 2 ,   
R4=H,  A=CO,  n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   77b ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   105  w a s  

a l l o w e d   to   r e a c t   w i t h   4 - c h l o r o b e n z e n e s u l f o n a m i d e   t o  

p r o v i d e ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CH2Cl2   ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   ( 9 0 % ) ;   H P L C ,  

t R = 3 . 9 6   &  5 . 7 3 ,   Col  B,  H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 :  

0 . 1 ) ,   F R = 3 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 2 H 3 8 C l F 3 N 4 O 7 S . 1 . 7   H2O:  C,  5 1 . 5 3 ;   H,  5 . 5 9 ;   N,  7 . 5 1  

F o u n d :   C,  5 1 . 7 2 ;   H,  5 . 4 0 ;   N,  7 . 2 4  



E x a m p l e   1 0 7  

3 ( R S ) - E - [ 3 - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l ] - 1 - o x o p r o p - 2 - e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = E - [ 4 - [ ( 4 - C l 0 ) S -  

( O 2 ) N H C ( O ) ] 0 - C H = C H - ,   R4=H,  A=CO,  n = l )  

U s i n g   t h e   m e t h o d   of  E x a m p l e   77b ,   m a t e r i a l  

p r e p a r e d   a c c o r d i n g   to  t h e   p r o c e d u r e   of   E x a m p l e   100  w a s  

a l l o w e d   to  r e a c t   w i t h   4 - c h l o r o b e n z e n e s u l f o n a m i d e   t o  

p r o v i d e ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CH2Cl2   ( 5 : 9 5 ) ) ,   t h e   t i t l e   p r o d u c t   (97%) ;  HPLC,  

t R = 4 . 7 3   &  6 . 6 8 ,   C o l  B ,   H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 :  

0 . 1 ) ,   F R = 3 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 2 H 3 6 C l F 3 N 4 O 7 S . 1 . 7   H2O:  C,  5 1 . 6 7 ;   H,  5 . 3 3 ;   N,  7 . 5 3  

F o u n d :   C,  5 1 . 7 2 ;   H,  5 . 4 0 ;   N,  7 . 2 4  

E x a m p l e   1 0 8  

3 ( R S ) - [ 1 - [ 4 - [ [ ( 4 - B r o m o p h e n y l ) s u l f o n y l ) [ p h e n y l m e t h y l ]  

a m i n o c a r b o n y l ] p h e n y l ] - 1 - o x o m e t h y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ) - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 -  

B r 0 ) S ( O 2 ) N ( C H 2 0 ) C ( O ) ] 0 - ,   R4=H,  A=CO,  n = l )  

a.  4 - B r o m o - N - ( p h e n y l m e t h y l ) b e n z e n e s u l f o n a m i d e .  

4 - B r o m o b e n z e n e s u l f o n y l   c h l o r i d e   ( 1 4 . 0 5   g ,  
55  mmol)  was  a d d e d   to  a  s t i r r e d   s o l u t i o n   of   b e n z y l -  



a m i n e   ( 5 . 3 6   g,  50  mmol)  and  p y r i d i n e   (400  ml)   u n d e r  

n i t r o g e n   a t   room  t e m p e r a t u r e .   The  r e s u l t i n g   r e a c t i o n  

m i x t u r e   was  s t i r r e d   f o r   1  h r ;   t h e n   i t   w a s  p o u r e d   o n t o  

i c e / w a t e r   (800  ml)  to  f o r m   a  y e l l o w   p r e c i p i t a t e   w h i c h  

was  f i l t e r e d   and  r e c r y s t a l l i z e d   f r o m   E t O H / w a t e r   t o  

g i v e   9 . 4 4   g  (53%)  of   t h e   t i t l e   c o m p o u n d   as  o f f - w h i t e  

n e e d l e s ,   mp  1 1 6 - 1 1 7 ° C .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 1 3 H 1 2 B r N O 2 S :   C,  4 7 . 8 7 ;   H,  3 . 7 1 ;   N,  4 . 2 9  

F o u n d :   C,  4 8 . 0 2 ;   H,  3 . 7 8 ;   N,  4 . 2 5  

b.  1 , 1 - D i m e t h y l e t h y l   4 - [ [ ( 4 - b r o m o p h e n y l ) s u l f o n y l ] -  

[ p h e n y l m e t h y l ] a m i n o c a r b o n y l ] b e n z o a t e .  

DMAP  ( 1 . 8 1   g,  1 4 . 8 4   mmol)  was  a d d e d   to  a  

s t i r r e d   s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   1 0 8 a   ( 4 . 4  

g,  1 3 . 4 9   mml)  and   CH2Cl2  (150  ml)  a t   room  t e m p e r a t u r e .  

To  t h e   r e s u l t i n g   s o l u t i o n ,   WSCDI  ( 2 . 8 4   g,  1 4 . 8 4   m m o l )  

and  t e r e p h t h a l i c   a c i d   mono  t - b u t y l e s t e r   ( 3 . 0   g,  1 3 . 4 9  

mmol)  w e r e   s u c c e s s i v e l y   a d d e d .   The  r e a c t i o n   m i x t u r e  

was  s t i r r e d   a t   room  t e m p e r a t u r e   o v e r n i g h t   and   c o n c e n -  

t r a t e d   u n d e r   v a c u u m   to  l e a v e   a  r e s i d u e   w h i c h   was  d i s -  

s o l v e d   in   E tOAc.   The  EtOAc  s o l u t i o n   was  w a s h e d   ( 2 0 X  

aq  c i t r i c   a c i d   s o l u t i o n ,   b r i n e ,   w a t e r ) ,   d r i e d   ( M g S 0 4 ) ,  
f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m   to  l e a v e   a n  

o i l y   r e s i d u e .   T h i s   r e s i d u e   was  d i s s o l v e d   in   warm  E t O H  

and  a l l o w e d   to  c o o l .   The  w h i t e   c r y s t a l s   w h i c h   f o r m e d  

w e r e   f i l t e r e d ,   w a s h e d   w i t h   c o l d   EtOH,  and  d r i e d   u n d e r  



h i g h   v a c u u m   to  g i v e   5 . 7 2   g  (80%)  of   t h e   t i t l e   c o m -  

p o u n d   as  w h i t e   c r y s t a l s ;   m . p .   1 2 0 - 1 2 2 ° C .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 5 H 2 4 B r N O 5 S :   C,  5 6 . 6 1 ;   H,  4 . 5 6 ;   N,  2 . 6 4  

F o u n d :   C,  5 6 . 8 4 ;   H,  4 . 6 8 ;   N,  2 . 6 0  

c.  4 - [ [ ( 4 - B r o m o p h e n y l ) s u l f o n y l ] [ p h e n y l m e t h y l ] a m i n o -  

c a r b o n y l ] b e n z o i c   a c i d .  

The  p r o d u c t   of   E x a m p l e   108b  ( 5 . 3 0   g,  10  

mmol)  was  a d d e d   to  TFA  (50  ml)  a t   0°  and  d i s s o l v e d  

i m m e d i a t e l y   u p o n   a d d i t i o n .   A f t e r   a b o u t   10  min  a  w h i t e  

p r e c i p i t a t e   f o r m e d ;   s t i r r i n g   was  c o n t i n u e d   f o r  ½   h r  

b e f o r e   t h e   m i x t u r e   was  f i l t e r e d .   The  c o l l e c t e d   s o l i d  

was  w a s h e d   w i t h   w a t e r   and  r e c r y s t a l l i z e d   f r o m   h o t  

a b s o l u t e   EtOH  to  g i v e   4 .0   g  (84%)  of  t h e   t i t l e   c o m -  

p o u n d   as  a  w h i t e   p o w d e r ;   m . p .   1 9 3 - 1 9 4 ° C .  

d.  2 ( R S ) , 3 ( R S ) [ 1 - [ 4 - [ [ ( 4 - B r o m o p h e n y l ) s u l f o n y l ] -  

[ p h e n y l m e t h y l ] a m i n o c a r b o n y l ] p h e n y l ] - l - o x o m e t h y l ] -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 2 - h y d r o x y - 4 - m e t h y l -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   V I I b ,   R1= 

C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) C H 3 ,   R 3 = 4 - [ [ ( 4 - B r 0 ) S ( O ) 2 ) ] -  

[ 0 C H 2 ] N C O ] 0 ,   R4=H,  A=CO,  n = l .  

WSCDI  ( 0 . 4 4   g,  2 . 3   mmol)  was  a d d e d   to  a  
s t i r r e d   s o l u t i o n   of   t h e   p r o d u c t   of  E x a m p l e   108c   ( 1 . 0  

g,  2 . 1   m m o l ) ,   m a t e r i a l   p r e p a r e d   a c c o r d i n g   to  E x a m p l e  

5d  ( 0 . 8 5   g,  2 .3   m m o l ) ,   HOBT  ( 0 . 2 8   g,  2 .1   mmol)  a n d  

d r y  T H F   u n d e r   n i t r o g e n   a t   0° .   The  r e s u l t i n g   r e a c t i o n  

m i x t u r e   was  s t i r r e d   a t   0°C  f o r   15  min ;   t h e n   i t   w a s  



a l l o w e d   to  warm  to  room  t e m p e r a t u r e   and  s t i r r e d   f o r  

4  h r .   The  THF  was  r e m o v e d   u n d e r   v a c u u m   to  l e a v e   a  

b r o w n i s h   r e s i d u e   w h i c h   was  d i s s o l v e d   in   E tOAc.   T h e  

EtOAc  s o l u t i o n   was  w a s h e d   (1N  HC1,  s a t d   NaHCO3,  b r i n e )  

and   d r i e d   (MgSO4) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r  

v a c u u m   to  l e a v e   a  r e s i d u e   ( 1 . 6   g ) .   A  ( 1 . 2 7   g)  p o r t i o n  

of   t h i s   r e s i d u e   was  r e c r y s t a l l i z e d   f r o m   m e t h y l   t - b u t y l  

e t h e r / h e x a n e   to  g i v e   0 . 6 4   g  (49%  o v e r a l l   y i e l d )   of  t h e  

t i t l e   c o m p o u n d   as  a  w h i t e   p o w d e r ;   TLC,  R f = 0 . 5 9   &  0 . 6 4 ,  

CHCl3:CH3OH  ( 9 5 : 5 ) ;   HPLC;  t R = 1 4 . 3 4   &  1 5 . 2 6 ,   Col  B ,  

H Z O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R = 3 . 0 .  

e.  3 ( R S ) - [ 1 - [ 4 - [ [ ( 4 - B r o m o p h e n y l ) s u l f o n y l ] [ p h e n y l -  

m e t h y l ] a m i n o c a r b o n y l ] p h e n y l ] - 1 - o x o m e t h y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - Z - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 4 - [ [ ( 4 - B r 0 ) S ( O 2 ) ] N ( C H 2 0 ) C ( O ) ] 0 ,  
R4=H,  A=CO,  n = l ) .  

A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   1 0 8 d  

(300  mg,  0 . 3 6 4   mmol)   in   CH2Cl2  (2  ml)   was  a d d e d   to  a  

s t i r r e d   m i x t u r e   of   a  D e s s - M a r t i n   p e r i o d i n a n e   ( 1 . 5 4   g ,  
3 . 6 3   mmol)  and  d ry   CH2Cl2  (10  ml)  u n d e r   n i t r o g e n   a t  

room  t e m p e r a t u r e .   To  t h e   r e s u l t i n g   m i x t u r e ,   TFA  ( 0 . 4 1  

g,  3 . 6 3   mmol)  was  a d d e d ;   w h e r e u p o n   t h e   m i x t u r e   i m m e -  

d i a t e l y   b e c a m e   c l e a r ;   t h e n ,   a f t e r   10  m i n ,   b e c a m e  

c l o u d y .   S t i r r i n g   was  c o n t i n u e d   o v e n i g h t   b e f o r e   E t O A c  

(50  ml)  was  a d d e d ,   and  t h e   r e s u l t i n g   m i x t u r e   w a s  

p o u r e d   i n t o   s a t u r a t e d   aq  NaHCO3  (100  ml)  c o n t a i n i n g   4 

g  of   N a 2 S 2 O 3 .   The  two  p h a s e   m i x t u r e   was  s t i r r e d   v i g -  

o r o u s l y   f o r   10  m i n .   The  o r g a n i c   l a y e r   was  s e p a r a t e d ,  



w a s h e d   ( s a t d   NaHCO3  (100  m l ) ,   b r i n e   (100  m l ) ) ,   d r i e d  

(MgSO4) ,   f i l t e r e d ,   c o n c e n t r a t e d   u n d e r   v a c u u m ,   a n d  

d r i e d   u n d e r   h i g h   v a c u u m   to  g i v e   0 . 2 4   g  (80%)  of   t h e  

t i t l e   c o m p o u n d   as  a  w h i t e   p o w d e r ;   TLC,  R f = 0 . 6 2   &  0 . 7 5 ,  

CHCl3:MeOH  ( 9 5 : 5 ) ;   HPLC,  t R = 1 4 . 8 8   &  2 1 . 5 6 ,   Col  B,  H 2 0 :  

CH3CN:THF:TFA  ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R = 3 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 7 H 4 0 B r F 3 N 4 0 7 S . 0 . 2 5 H 2 0 :   C,  5 3 . 7 8 ;   H,  4 . 9 4 ;   N,  6 . 7 8  

F o u n d :   C,  5 3 . 8 4 ;   H,  4 . 9 8 ;   N,  6 . 4 5  

E x a m p l e   1 0 9  

3 R ( o r S ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) s u l f o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 =  

( C H 3 ) 2 C H - ,   R 3 = 1 - a d a m a n t y l ,   R4=H,  A = S ( O 2 ) ,   n = 1 )  

From  t h e   f l a s h   c h r o m a t o g r a p h y   d e s c r i b e d   i n  

E x a m p l e   91c  was  o b t a i n e d   t h e   t i t l e   c o m p o u n d   as  t h e  

o t h e r   s u b s t a n t i a l l y   p u r e   i s o m e r   (84%) ;   HPLC,  t R = 3 . 8 9 ,  
Col   A,  H2O:CH3CN  ( 4 5 : 5 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 6 H 4 0 F 3 N 3 O 5 S . 0 . 5 H 2 O :   C,  5 4 . 5 7 ;   H,  7 . 2 2 ;   N,  7 . 3 4  

F o u n d :   C,  5 4 . 5 2 ;   H,  7 . 1 5 ;   N,  7 . 3 3  

E x a m p l e   1 1 0  

3 S ( o r R ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l a m i n o -  

c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ φ S ( O 2 ) N H C ( O ) ] φ ,   R4=H,  A=NHCO,  n = 1 )  



The  two  d i a s t e r e o m e r s   of  E x a m p l e   58  w e r e  

s e p a r a t e d   by  MPLC  on  a  L i C h r o p r e p ®   RP-8  c o l u m n   ( M e r c k ,  

S i z e   B  4 0 - 6 3   µm)  u s i n g   MeOH:H2O  ( 5 0 : 5 0 )   as  e l u e n t .  

The  f r a c t i o n s   c o l l e c t e d   w e r e   a n a l y z e d   by  HPLC,  and   t h e  

a p p r o p r i a t e   f r a c t i o n s   w e r e   c o m b i n e d   and   l y o p h i l i z e d   t o  

g i v e   t h e   t i t l e   p r o d u c t ;   HPLC,  t R = 4 . 5 ,   Col   B,  H2O:  

CH3CN:THF:TFA  ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R = 2 . 0 .  

E x a m p l e   1 1 1  

3 S ( o r   R ) - P h e n y l m e t h o x y c a r b o n y l - L - p h e n y l g l y c y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a  I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=φ,   R 3 = φ C H 2 - ,   R4=H,  A= 

OCO,  n = l )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   61c ,   t h e   p r o d u c t  

p r e p a r e d   by  t h e   m e t h o d   of  E x a m p l e   92a   was  o x i d i z e d   t o  

a f f o r d ,   a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  

(MeOH:CH2Cl2   ( 1 . 5 : 9 8 . 5 ) ) ,   t h e   t i t l e   p r o d u c t   (80%)  a s  

one  s u b s t a n t i a l l y   p u r e   i s o m e r ;   TLC,  R f = 0 . 2 6 ,   p e n t a n e :  

MeOH:Et2O  ( 2 5 : 1 : 9 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 H 3 0 F 3 N 3 O 5 :   C,  6 0 . 7 8 ;   H,  5 . 6 7 ;   N,  7 . 8 8  

F o u n d :   C,  6 0 . 6 4 ;   H,  5 . 8 5 ;   N,  7 . 9 6  

E x a m p l e   1 1 2  

3 R ( o r S ) - P h e n y l m e t h o x y c a r b o n y l - L - p h e n y l g l y c y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=φ,  R 3 = φ C H 2 - ,   R4=H,  A= 

OCO,  n = l )  



From  t h e   f l a s h   c h r o m a t o g r a p h y   d e s c r i b e d   i n  

E x a m p l e   111  was  o b t a i n e d   t h e   t i t l e   p r o d u c t   (83%)  a s  
t h e   o t h e r   s u b s t a n t i a l l y   p u r e   i s o m e r ;   TLC,  R f = 0 . 3 0 ,  

p e n t a n e : M e O H : E t 2 O   ( 2 5 : 1 : 9 9 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 H 3 0 F 3 N 3 O 5 :   C,  6 0 . 7 8 ;   H,  5 . 6 7 ;   N,  7 . 8 8  

F o u n d :   C,  5 9 . 4 3 ;   H,  5 . 6 5 ;   N,  7 . 4 8  

E x a m p l e   1 1 3  

3 R ( o r S ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o - p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,  R 1 =  

C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ 4 - ( B r φ ) S ( O 2 ) N H C ( O ) ] φ ,  
R4=H,  A=CO,  n = l )  

The  p r o d u c t   of   E x a m p l e   95b  ( 0 . 5   g,  0 . 7  

mmol)  was  c h r o m a t o g r a p h e d   by  MPLC  on  a  L i C h r o p r e p ®  

RP-8  c o l u m n   ( M e r c k ,   s i z e   B  4 0 - 6 3   µm)  u s i n g   M e 0 H : H 2 0  
( 6 0 : 4 0 )   as  e l u e n t .   The  f r a c t i o n s   c o l l e c t e d   w e r e  

e v a l u a t e d   by  HPLC,  c o m b i n e d ,   and  l y o p h i l i z e d   to  g i v e  

two  p r o d u c t s .   The  t i t l e   p r o d u c t   ( 0 . 1 4 7   g)  was  o b -  

t a i n e d   as  a  s u b s t a n t i a l l y   p u r e   i s o m e r ;   HPLC,  t R = 1 2 . 3 8 ,  
Col   B,  H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R = 3 . 0 .  

E x a m p l e   1 1 4  

3 S ( o r   R ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R  =  

C H ( C H 3 ) C H 3 ,  R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 - B r φ ) S ( O 2 ) N H C ( O ) ] φ ,  
R4=H,  A=CO,  n = l )  



The  o t h e r   p r o d u c t   o b t a i n e d   in   t h e   s e p a r a t i o n  

d e s c r i b e d   in   E x a m p l e   113  was  t h e   t i t l e   p r o d u c t   ( 0 . 0 6 5  

g ) ,   o b t a i n e d   as  a  s u b s t a n t i a l l y   p u r e   i s o m e r ;   HPLC,  t R =  
8 . 4 4 ,   Col   B,  H O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R = 3 . 0 .  

E x a m p l e   1 1 5  

3 S ( o r   R ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R1=  

CH(CH3)CH3,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 - C l φ ) S ( O 2 ) N H C ( O ) ] φ ,  
R4=H,  A=CO,  n = l )  

A  p o r t i o n   of   m a t e r i a l   p r e p a r e d   as  d e s c r i b e d  

in   E x a m p l e   104  ( 5 4 4 . 8   mg)  was  d i s s o l v e d   in   H 2 O : C H 3 C N :  
THF  ( 2 . 2   m l : 3 . 3   m l : 0 . 5   ml)   and   was  s e p a r a t e d   by  MPLC 

on  a  L o b a r ®   s i z e   B  L i C h r o p r e p ®   RP-8  c o l u m n   u s i n g   H2O:  

CH3CN:THF:TFA  ( 5 5 : 3 2 . 5 : 1 2 . 5 : 0 . 1 ) .   A f t e r   a n a l y s i s   b y  

HPLC,  t h e   a p p r o p r i a t e   f r a c t i o n s   w e r e   c o m b i n e d ,   c o n c e n -  

t r a t e d   u n d e r   v a c u u m ,   and  d r i e d   u n d e r   h i g h   v a c u u m   a t  

43°  to  a f f o r d   t h e   t i t l e   c o m p o u n d   (255  mg)  as  a  w h i t e  

a m o r p h o u s   s o l i d ;   HPLC,  t R = 5 . 7 6 ,   Col   B,  H 2 O : C H 3 C N : T H F :  
TFA  ( 5 5 : 3 2 . 5 : 1 2 . 5 : 0 . 1 ) ,   F R = 3 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 4 C l F 3 N 4 O 7 S . 1 . 3 H 2 O :   C,  5 0 . 7 1 ;   H,  5 . 1 9 ;   N,  7 . 8 9  

F o u n d :   C,  5 0 . 8 8 ;   H,  4 . 8 7 :   N,  7 . 7 0  



E x a m p l e   1 1 6  

3 R ( o r   S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l ] c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 =  

C H ( C H 3 ) C H 3 ,   R 2 = ( C H 3 ) 2 C H - ,   R 3 = 4 - [ ( 4 - C l φ ) S ( O 2 ) N H C ( O ) ] φ ,  
R 4 = H   A=CO,  n = 1 )  

A portion of material prepared as described 

in   E x a m p l e   104  ( 5 7 3 . 8   mg)  was  d i s s o l v e d   in   H2O:THF  ( 2  

m l : 3   ml )   and   was   s e p a r a t e d   by  MPLC  on  a  L o b a r ®   s i z e   B 

L i C h r a p r e p ®   RP-8   c o l u m n   u s i n g   T H F : H 2 O : T F A   ( 4 1 : 5 9 : 0 . 1 )  

as  e l u e n t .   A f t e r   a n a l y s i s   by  HPLC,  t h e   a p p r o p r i a t e  

f r a c t i o n s   w e r e   c o m b i n e d   and   l y o p h i l i z e d   to  a f f o r d   t h e  

t i t l e   c o m p o u n d   ( 5 1 . 8   mg)  as  a  s u b s t a n t i a l l y   p u r e   i s o -  

mer  ( 9 9 : 1   by  HPLC);   HPLC,  t R = 8 . 8 ,   Col   B,  H 2 O : C H 3 C N :  
THF:TFA  ( 5 5 : 3 2 . 5 : 1 2 . 5 : 0 . 1 ) ,   F R = 3 . 0 .  

E x a m p l e   1 1 7  

3 S ( o r   R ) - P h e n y l m e t h o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u -  

l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,   R3=φCH2,   R 4 = H ,  

A=OCO,  n = 1 )  

A  p o r t i o n   of  m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

t h e   m e t h o d   of  E x a m p l e   11  (10  g,  0 . 0 2   mo l )   was  s e p a -  



r a t e d   i n t o   i t s   i n d i v i d u a l   s u b s t a n t i a l l y   o p t i c a l l y   p u r e  
i s o m e r s   by  f l a s h   c h r o m a t o g r a p h y   (1  kg  of   s i l i c a   g e l ,  

E t 2 O : h e x a n e   ( 8 0 : 2 0 ) ) .   C o m b i n a t i o n   of   t h e  a p p r o p r i a t e  

f r a c t i o n s   a f f o r d e d   t h e   t i t l e   c o m p o u n d   ( 3 . 1 7   g)  as  a  

s u b s t a n t i a l l y   p u r e   i s o m e r ;   HPLC,  t R = 5 . 6 5 ,   Col  A ,  

H2O:CH3CN  ( 5 5 : 4 5 ) ,   F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 4 H 3 2 F 3 N 3 O 5 . H 2 O :   C,  5 5 . 4 7 ;   H,  6 . 4 6 ;   N,  8 . 0 8  

F o u n d :   C,  5 5 . 5 0 ;   H,  6 . 7 7 ;   N,  7 . 9 9  

E x a m p l e   1 1 8  

3 R ( o r   S ) - P h e n y l m e t h o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u -  

la   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) C H 3 ,   R 3 = φ C H 2 ,  R 4 = H ,  

A=OCO,  n = I )  

From  t h e   s e p a r a t i o n   d e s c r i b e d   in   E x a m p l e   1 1 7  

c o m b i n a t i o n   of   t h e   a p p r o p r i a t e   f r a c t i o n s   a f f o r d e d   t h e  

t i t l e   c o m p o u n d   ( 3 . 6 7   g)  as  t h e   o t h e r   a  s u b s t a n t i a l l y  

p u r e   i s o m e r .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C24H32F3N3O5:   C,  5 7 . 7 1 ;   H,  6 . 4 6 ;   N,  8 . 4 1  

F o u n d :   C,  5 7 . 6 1 ;   H,  6 . 3 4 ;   N,  7 . 9 6  

E x a m p l e   1 1 9  

3 S ( o r   R ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) C H 3 ,   R 3 =  

4 - ( H O O C ) φ ,   R4=H,  A=NHCO,  n = 1 )  



A  p o r t i o n   of   a  p r o d u c t   p r e p a r e d   as  d e s c r i b e d  

in   E x a m p l e   16  (500  mg)  was  s e p a r a t e d   by  MPLC  on  a  

L o b a r ®   s i z e   B  L i C h r o p r e p ®   RP-8  c o l u m n   u s i n g   MeOH:H2O 
( 1 : 1 )   as  e l u e n t .   A f t e r   a n a l y s i s   by  HPLC,  t h e   a p p r o -  

p r i a t e   f r a c t i o n s   w e r e   c o m b i n e d   to  a f f o r d   t h e   t i t l e  

c o m p o u n d   (150  mg)  as  a  s u b s t a n t i a l l y   p u r e   i s o m e r ;  

HPLC,  t R = 6 . 5 8 ,   Col  A,  CH3CN:H20  ( 2 5 : 7 5 ) ,   F R = 2 . 0 .  

E x a m p l e   1 2 0  

3 R ( o r   S ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,   R3= 

4 - ( H O O C ) φ ,   R4=H,  A=NHCO,  n = 1 )  

By  c o m b i n a t i o n   of   t h e   a p p r o p r i a t e   f r a c t i o n s  

f r o m   t h e   s e p a r a t i o n   d e s c r i b e d   in   E x a m p l e   119 ,   t h e  

t i t l e   c o m p o u n d   was  o b t a i n e d  a s   a  h i g h l y   e n r i c h e d   i s o -  

mer   (220  mg)  in   a  r a t i o   of   9 0 . 4 : 9 . 5   w i t h   t h e   i s o m e r  

d e s c r i b e d   in   E x a m p l e   119;   HPLC,  t R = 1 1 . 0 9 ,   Col  A ,  

CH3CN:H2O  ( 2 5 : 7 5 ) ,   F R = 2 . 0 .  

E x a m p l e   1 2 1  

3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] p h e n -  

y l c a r b o n y l l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,   R 1 = C H ( C H 3 ) C H 3 ,  

R 2 = C H ( C H 3 ) C H 3 ,  R 3 = 4 - [ ( 4 - C l φ ) S ( O 2 ) N H C O ] φ ,   R4=H,  A=CO, 

n = l )  



A  p r e f e r r e d   m e t h o d   f o r   c o n v e r s i o n   of   m a t e -  
r i a l   p r e p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   5d  i n t o   t h e  

t i t l e   c o m p o u n d   is   as  f o l l o w s :  

a.  1 , 1 - D i m e t h y l e t h y l   4 - [ ( 4 - c h l o r o p h e n y l ) s u l f o n y l -  

a m i n o c a r b o n y l ] b e n z o a t e .  

A  5 - l i t e r   3 - n e c k   r o u n d   b o t t o m   f l a s k   w a s  

e q u i p p e d   w i t h   a  m e c h a n i c a l   s t i r r e r   and   n i t r o g e n  

i n l e t .   CH2C12  (2  l i t e r s )   was  p l a c e d   in   t h e   r e a c t i o n  

f l a s k   and  t e r e p h t h a l i c   a c i d   m o n o - t - b u t y l   e s t e r   ( 1 2 7 . 5  

g,  0 . 5 7 4   m o l ) ,   DMAP  ( 7 0 . 0 6   g,  0 . 5 7 4   m o l ) ,   and   4 -  

c h l o r o b e n z e n e s u l f o n a m i d e   ( 1 1 0 . 0 4   g,  0 . 5 7 4   mo l )   w e r e  

a d d e d   in   t h a t   o r d e r   u s i n g   CH2Cl2  (400  ml)   t o  w a s h   d o w n  

t h e   s o l i d s .   WSCDI  ( 1 1 0 . 1 0   g,  0 . 5 7 4   mol )   was  a d d e d   i n  

p o r t i o n s   o v e r   10  min   u s i n g   CH2C12  (100  ml)   to   w a s h  

down  t h e   s o l i d .   A f t e r   t h e   r e a c t i o n   m i x t u r e   w a s  
s t i r r e d   o v e r n i g h t   a t   room  t e m p e r a t u r e ,   i t   was  c o n c e n -  

t r a t e d   u n d e r   v a c u u m   to  d r y n e s s .   The  r e s i d u e   was  p a r -  
t i o n e d   b e t w e e n   EtOAc  and   w a t e r .   The  EtOAc  s o l u t i o n  

was  w a s h e d   (20%  aq  c i t r i c   a c i d ,   s a t d   aq  N a H C 0 3 ,  
b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m  

to  a  w h i t e   s o l i d .   A f t e r   d r y i n g   in   a  v a c u u m   o v e n   a t  

5 0 ° ,   t h e   t i t l e   p r o d u c t   (227  g,  100%)  was  o b t a i n e d   in   a  

s u f f i c i e n t l y   p u r e   s t a t e   to  be  u s e d   d i r e c t l y   f o r   t h e  

n e x t   s t e p ;   TLC,  R f = 0 . 4 3 ,   MeOH:CHCl3  ( 1 5 : 8 5 ) .   ( F u r t h e r  

p u r i f i c a t i o n   was  p o s s i b l e   by  r e c r y s t a l l i z a t i o n   f r o m  

E t O H : w a t e r ;   m . p .   a b o v e   3 0 0 ° ) .  

b.  4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] b e n z e n e -  

c a r b o x y l i c   a c i d .  



A  3 - l i t e r   3 - n e c k   r o u n d   b o t t o m   f l a s k   w a s  

e q u i p p e d   w i t h   a  m e c h a n i c a l   s t i r r e r   and  a  CaCl2   d r y i n g  

t u b e .  T F A   (1300   g)  was  a d d e d   and  c o o l e d   to  0°;   a n d  

t h e   p r o d u c t   of  E x a m p l e   1 2 1 a   ( 7 9 . 5   g,  0 . 2 0   mol )   w a s  

a d d e d .   I n i t i a l l y ,   t h e ' s o l i d   d i s s o l v e d ,   g i v i n g   a  c l e a r  

s o l u t i o n .   A f t e r   1 0 - 1 5   m i n ,   a  h e a v y   p r e c i p i t a t e   o f  

p r o d u c t   f o r m e d ,   and   i t   was  d i f f i c u l t   to  s t i r   t h e   r e -  

a c t i o n   m i x t u r e .   V i g o r o u s   s t i r r i n g   w i t h   t h e   m e c h a n i c a l  

s t i r r e r   was  e s s e n t i a l   to  d r i v e   t h e   r e a c t i o n   to  c o m -  

p l e t i o n .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   0 -5°   f o r  

1  h r   b e f o r e   i t   was  p o u r e d   o n t o   1500  ml  of  i c e / w a t e r  

and  s t i r r e d   f o r   2  h r .   The  r e s u l t i n g   s o l i d   was  f i l -  

t e r e d   and   d r i e d .   The  w h i t e   s o l i d   ( 6 1 . 5   g,  91%)  o b -  

t a i n e d   was  r e c r y s t a l l i z e d   f r o m   1600  ml  a b s o l u t e   E t O H /  

1600  ml  H20  to   y i e l d   t h e   t i t l e   p r o d u c t   (54  g,  80%)  a s  

w h i t e   n e e d l e s ;   m . p . = 2 8 6 - 2 8 8 ° ;   TLC,  R f = 0 . 7 ,   M e O H : C H C l 3 :  
AcOH  ( 1 0 : 9 0 : 1 ) .  

c.  2 ( R S ) , 3 ( S R ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 2 - h y d r o x y - 4 - m e t h y l p e n t y l ) ] - L - p r o l i n a m i d e  

( F o r m u l a   V I I b ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,   R 3 =  

4 - [ ( 4 C l - φ ) S ( O 2 ) N H C O ] φ ,   R4=H,  A=CO,  n = 1 ) .  

A  250  ml  3 - n e c k   r o u n d   b o t t o m   f l a s k   w a s  

e q u i p p e d   w i t h   a  m a g n e t i c   s t i r r e r   and  n i t r o g e n   i n l e t .  

To  CH2Cl2  (125  ml)   in   t h e   r e a c t i o n   f l a s k ,   t h e   p r o d u c t  

of   E x a m p l e   121b  ( 5 . 4 5   g,  1 6 . 0 7   m m o l ) ,   DMAP  ( 1 . 9 6   g ,  
1 6 . 0 7   m m o l ) ,   and  m a t e r i a l   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   5d  ( 6 . 2 0   g,  1 6 . 8 7   mmol)  w e r e   a d d e d   u s i n g  

CH2C12  (20  ml)   to  w a s h   down  t h e   s o l i d s ;   t h e n ,   WSCDI 



( 3 . 2 4   g,  1 6 . 8 7   mmol)   was  a d d e d   u s i n g   CH2Cl2  (5  ml)   t o  

w a s h   down  t h e   s o l i d .   A f t e r   t h e   r e a c t i o n   m i x t u r e   h a d  

b e e n   s t i r r e d   f o r   5  h r ,   i t   was  w a s h e d   ( lN  HC1,  s a t d   a q  

NaHCO3,  b r i n e ) ,   d r i e d   ( N a 2 S O 4 ) ,   and   c o n c e n t r a t e d   u n d e r  

v a c u u m   to  a f f o r d   a  c r u d e   p r o d u c t   ( 1 1 . 0   g,  100%)  as  a  

w h i t e   s o l i d .   A  p o r t i o n   ( 3 . 3 9   g)  of   t h i s   c r u d e   p r o d u c t  

was  d i s s o l v e d   in   MeOH  (40  ml)  and  d i l u t e d   w i t h   w a t e r  

(9  m l ) .   The  r e s u l t i n g   s o l u t i o n   was  s a t u r a t e d   w i t h  

K 2 C O 3  a n d   s t i r r e d   o v e r n i g h t   a t   room  t e m p e r a t u r e .  

A f t e r   m o s t   of   t h e   MeOH  had   b e e n   r e m o v e d   u n d e r   v a c u u m ,  
t h e   r e s i d u e   was  p a r t i t i o n e d   b e t w e e n   EtOAc  and  w a t e r .  

The  EtOAc  s o l u t i o n   was  w a s h e d   ( s a t d   aq  NaHCO3,  b r i n e ) ,  

d r i e d   ( N a 2 S O 4 ) ,   and  c o n c e n t r a t e d   to  a f f o r d   a  s u b s t a n -  

t i a l l y   p u r e   t i t l e   p r o d u c t   ( 3 . 1 3   g,  92%);   TLC,  R f = 0 . 3 8  
&  0 . 4 6 ,   MeOH:CHCl3 :AcOH  ( 5 : 9 5 : 1 ) ;   HPLC,  t R = 6 . 2 0   & 

6 . 2 5 ,   Col   A,  H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R = 3 . 0 .  

d.  3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r b o n y l ] -  

p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I b ,  

R 1 = C H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,  R 3 = 4 - [ ( 4 - C l φ ) S ( O 2 ) -  

NHCO]φ,  R4=H,  A=CO,  n = l ) .  

To  a  s t i r r e d   s o l u t i o n   of   D e s s - M a r t i n   p e r i o d -  

i n a n e   (636  g,  1 . 5 0   mol )   in   C H 2 C l 2  ( 5   l i t e r )   was  a d d e d  

p r o d u c t   p r e p a r e d   u s i n g   t h e   m e t h o d   of   E x a m p l e   121c   ( 3 5 1  

g,  0 . 5 0   mo l )   in   THF  (500  m l ) ,   and  t h e   r e s u l t i n g   s u s -  

p e n s i o n   was  d i l u t e d   w i t h   C H 2 C l 2  ( 2   l i t e r ) ,   f o l l o w e d   b y  

t h e   a d d i t i o n   of   TFA  (171  g,  1 . 5 0   m o l ) .   A f t e r   t h e   r e -  

a c t i o n   m i x t u r e   h a d   b e e n   s t i r r e d   o v e r n i g h t   a t   room  t e m -  

p e r a t u r e ,   t h e   C H 2 C l 2  w a s   r e m o v e d   u n d e r   v a c u u m ,   t h e  



r e s i d u e   was  d i l u t e d   w i t h   EtOAc  and  t r e a t e d   w i t h   a  1 : 1  

m i x t u r e   of  s a i d   aq  NaHCO3  and  s a t d   aq  N a 2 S 2 O 3 .   W h e n  

a l l   t he   s o l i d   had   d i s s o l v e d ,   t h e   aq  l a y e r   was  s e p a r a t e d  
and  t he   EtOAc  l a y e r   was  w a s h e d   (a  m i x t u r e   of  s a t d   a q  

N a H C O 3 : s a i d   aq  Na2SO3  ( 1 : 1 ) ,   s a t d   aq  NaHCO3,  b r i n e ) ,  

d r i e d   (Na2SO4)   and  c o n c e n t r a t e d   u n d e r   v a c u u m .   The  r e -  
s i d u e   was  d i s s o l v e d   in   MeOH  ( 1 . 5   l i t e r )   and  t r e a t e d  

w i t h   1N  HCl  ( 1 . 5   l i t e r ) ,   and  t h e   MeOH  was  r e m o v e d   u n d e r  

v a c u u m .   The  aq  s u s p e n s i o n   r e m a i n i n g   was  e x t r a c t e d   w i t h  

C H 2 C l 2 ,   and  t h e   c o m b i n e d   CH2Cl2  e x t r a c t s   w a s h e d   ( b r i n e ) ,  

d r i e d   ( N a 2 S O 4 ) ,   and   c o n c e n t r a t e d   u n d e r   v a c u u m   to  a f f o r d ,  

a f t e r   p u r i f i c a t i o n   by  f l a s h   c h r o m a t o g r a p h y  ( g r a d i e n t ,  

Et2O  to  Et2O:MeOH  ( 9 5 : 5 ) )  a n d   a c i d i f i c a t i o n   o f   t h e  

c h r o m a t o g r a p h e d   p r o d u c t   w i t h   MeOH  1N  HCl  as  d e s c r i b e d  

a b o v e ,   t h e   t i t l e   p r o d u c t   ( 3 7 % ) ;   HPLC,  t R = 6 . 6 8   &  9 . 2 7 ,  

Col   B,  H 2 O : C H 3 C N : T H F : T F A   ( 5 5 : 3 5 : 1 5 : 0 . 1 ) ,   F R - 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 0 H 3 4 C l F 3 N 4 O 7 S :   C,  5 2 . 4 4 ;   H,  4 . 9 9 ;   N.,  8 . 1 5  

F o u n d :   C,  5 2 . 3 1 ;   H,  5 . 2 0 ;   N,  8 . 2 0  

E x a m p l e   1 2 2  
3 ( R S ) - N 2 , N 6 - D i ( p h e n y l m e t h o x y c a r b o n y l ) - L - l y s y l - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I c ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=CH(CH3)CH3,   R3= 

φCH2,  R4=H,  R 5 - φ C H 2 O C O N H ( C H 2 ) 4 ,   R6=H,  A - O C O ,  n = 1 )  

U s i n g   t h e   m e t h o d   of   E x a m p l e   54b ,   t h e   p r o d u c t  

of   E x a m p l e   28a  was  o x i d i z e d   to  a f f o r d ,   a f t e r   p u r i f i c a -  
t i o n   by  f l a s h   c h r o m a t o g r a p h y   ( h e x a n e : E t 2 O   ( 1 : 1 ) ,   t h e n  

E t 2 0 ,   t h e n   E t 2 0 : E t O A c   ( 3 : 1 ) ) ,   t h e   t i t l e   p r o d u c t   ( 5 6 % ) ,  

HPLC,  t R = 4 . 1 9   &  6 . 0 2 ,   Col  A,  CH3CN:H2O  ( 6 0 : 4 0 ) ,   F R = 1 . 5 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 8 H 5 0 F 3 N 5 O 8 . 0 . 5 H 2 O :   C,  5 9 . 2 1 ;   H,  6 . 6 7 ;   N,  9 . 0 3  

F o u n d :   C,  5 8 . 9 3 ;   H,  6 . 6 2 ;   N,  8 . 7 5  



E x a m p l e   1 2 3  

3 ( R S ) - [ 1 , 4 - D i o x o - 4 - ( p h e n y l s u l f o n y l a m i n o ) b u t y l ] - L -  

l e u c y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I c ,   R 1 = C H ( C H 3 ) C H 3 ,   R2=  

C H ( C H 3 ) C H 3 ,  R 3 = φ S ( O 2 ) N H C O ( C H 2 ) 2 ,   R4=H,  R 5 = ( C H 2 ) 3 C H 3 ,  
R6=H,  A=CO,  n = l )  

A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   24  

( 0 . 5   g,  0 . 8 7   m m o l ) ,   b e n z e n e s u l f o n a m i d e   ( 0 . 1 4   g,  0 . 8 7  

m m o l ) ,   DMAP  ( 0 . 1 1   g,  0 . 8 7   mmol)  and  DCC  ( 0 . 1 8   g,  0 . 8 7  

mmol)  in   CH2Cl2  (20  ml)  was  s t i r r e d   f o r   f o u r   d a y s   a t  

room  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e   was  f i l t e r e d  

and   c o n c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   a  c r u d e   p r o d u c t .  

The  p r o d u c t   was  p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

B a k e r   pH  5 .0   s i l i c a   g e l   ( g r a d i e n t ,   CHC13  to  M e O H : C H C l 3  
( 2 : 9 8 )   to   MeOH:CHC13  ( 5 : 9 5 ) )   to  g i v e   t h e   t i t l e   p r o d u c t  

( 0 . 3 7   g ) ;   HPLC,  t R = 3 . 8 4   &  5 . 0 3 ,   Col  A,  H2O:CH3CN  ( 6 5 :  

3 5 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 2 H 4 6 F 3 N 5 0 8 S :   C,  5 2 . 2 3 ;   H,  6 . 5 7 ;   N,  9 . 5 2  

F o u n d :   C,  5 1 . 9 4 ;   H,  6 . 2 9 ;   N,  9 . 3 7  

E x a m p l e   1 2 4  

3 ( R S ) - [ 4 - ( M e t h y l s u l f o n y l a m i n o ) - 1 , 4 - d i o x o b u t y l ] - L -  

l e u c y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a   I c ,   R 1 = C H ( C H 3 ) C H 3 ,   R 2 =  

CH(CH3)CH3,   R 3 = C H 3 S ( 0 2 ) N H C O ( C H 2 ) 2 ,   R4=H,  R 5 = ( C H 2 ) 3 C H 3 ,  
R6=H,  A=CO,  n = 1 )  



A  s o l u t i o n   of  t h e   p r o d u c t   of  E x a m p l e   24  ( 0 . 5  

g,  0 . 8 7   m m o l ) ,   m e t h a n e s u l f o n a m i d e   ( 0 . 0 8 2   g,  0 . 8 7  

m m o l ) ,   DMAP  ( 0 . 1 1   g,  0 . 8 7   mmol)  and  DCC  ( 0 . 1 8   g,  0 . 8 7  

mmol)   in   CH2C12  (20  ml)  was  s t i r r e d   f o r   f o u r   d a y s   a t  

room  t e m p e r a t u r e .   The  r e a c t i o n   was  f i l t e r e d   and  c o n -  

c e n t r a t e d   u n d e r   v a c u u m   to  g i v e   a  c r u d e   p r o d u c t   w h i c h  

was  p a r t i a l l y   p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   o n  

B a k e r   pH  5 .5   s i l i c a   g e l   ( g r a d i e n t ,   CHC13,  MeOH:CHC13 
( 1 : 9 9 )   to  ( 2 . 5 : 9 7 . 5 ) ) .   The  p a r t i a l l y   p u r i f i e d   p r o d u c t  

was  p a r t i t i o n e d   b e t w e e n   EtOAc  and  a  m i x t u r e   of   a q u e o u s  
IN  HC1  and  b r i n e .   The  o r g a n i c   p h a s e   was  d r i e d  

( N a 2 S 0 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   to  g i v e   t h e   t i t l e  

p r o d u c t   ( 0 . 2 8   g ) ;   HPLC,  t R = 5 . 9 9   &  8 . 9 5 ,   Col  A,  H2O:  

CH3CN  ( 6 5 : 3 5 ) ,   F R = 1 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 2 7 H 4 4 F 3 N 5 O 8 S :   C,  4 9 . 4 6 ;   H,  6 . 7 6 ;   N,  1 0 . 6 8  

F o u n d :   C,  4 9 . 0 7 ;   H,  6 . 7 9 ;   N,  1 0 . 4 3  

E x a m p l e   1 2 5  

3 ( R S ) - N 2 - [ 1 , 4 - D i o x o - 4 - ( p h e n y l s u l f o n y l a m i n o ) b u t y l ] - N 6 -  

p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

I c ,   R 1 = 5 H ( C H 3 ) C H 3 ,   R 2 = C H ( C H 3 ) C H 3 ,   R 3 = φ S ( O 2 ) N H C O ( C H 2 ) 2 ,  
R4=H,  R5=φCH2OCONH(CH2)4 ,   R6=H,  A=CO,  n = 1 )  

A  s o l u t i o n   of  t h e   p r o d u c t   of   E x a m p l e   27  ( 4 9 3  

mg,  0 . 6 7 0   m m o l ) ,   b e n z e n e s u l f o n a m i d e   (117  mg,  0 . 7 4 5  

m m o l ) ,   DMAP  (91  mg,  0 . 7 4 5   m m o l ) ,   and  DCC  (153  m g ,  
0 . 7 4 5   mmol)  in   C H 2 C 1 2  ( 2 0   ml)   was  s t i r r e d   a t   room  t e m -  

p e r a t u r e   f o r   24  h r .   The  s o l u t i o n   was  d i l u t e d   w i t h  



EtOAc ,   w a s h e d   ( w a t e r ) ,   d r i e d   ( M g S 0 4 ) ,   f i l t e r e d ,   a n d  

c o n c e n t r a t e d   u n d e r   v a c u u m .   The  c r u d e   p r o d u c t   w a s  

p u r i f i e d   by  f l a s h   c h r o m a t o g r a p h y   on  B a k e r . p H   5 . 5  

s i l i c a   g e l   (CH3OH:CHCl3   ( 2 . 5 : 9 7 . 5 ) )   to  a f f o r d   t h e  

t i t l e   p r o d u c t   (243  mg)  as  a  w h i t e   p o w d e r ;   TLC,  R f =  
0 . 5 0 ,   CH3OH:CHCl3 :AcOH  ( 5 : 9 4 : 1 ) .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 4 0 H 5 3 F 3 N 6 O 1 0 S . 0 . 7 5 H 2 O :   C,  5 4 . 5 6 ;   H,  6 . 2 4 ;   N,  9 . 5 4  

F o u n d :   C,  5 4 . 5 2 ;   H,  6 . 2 3 ;   N,  9 . 4 8  

E x a m p l e   1 2 6  

3 ( R S ) - [ 1 , 4 - D i o x o - 4 - [ ( t r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) -  

s u l f o n y l a m i n o ] b u t y l ] - L - l e u c y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   ( F o r m u l a  

I c ,  R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) C H 3 ,   R 3 = ( 1 - a d a m a n t y l ) -  

S ( O 2 ) N H C O ( C H 2 ) 2 ,   R4=H,  R 5 = ( C H 2 ) 3 C H 3 ,  R 6 = H ,   A=CO,  n = 1 )  

a.  1 - A d a m a n t a n e s u l f i n a m i d e .  

To  t h e   p r o d u c t   of   E x a m p l e   82a   ( 1 0 . 0 g ,   4 5 . 7  

mmol)   was  s l o w l y   a d d e d   conc   ammonium  h y d r o x i d e   ( 3 0 0  

ml)  and   t h e   m i x t u r e   was  h e a t e d   to  r e f l u x   f o r   t h r e e  

h r .   A f t e r   d i s t i l l a t i o n   of   t h e   ammonium  h y d r o x i d e ,  

t h e   r e s i d u e   was  t a k e n   up  in   w a t e r   and   e x t r a c t e d   w i t h  

E t 2 O .   The  Et2O  l a y e r   was  w a s h e d   ( b r i n e ) ,   d r i e d  

( N a 2 S O 4 ) ,   f i l t e r e d ,   and  c o n c e n t r a t e d   u n d e r   v a c u u m .  

The  c r u d e   p r o d u c t   was  p u r i f i e d   by  s u c t i o n   c h r o m a t o -  

g r a p h y   on  s i l i c a   g e l   (E t2O  to  E tOAc)   to  g i v e   t h e   p r o -  
d u c t   ( 4 . 2 g )   as  a  w h i t e   s o l i d ;   m . p . 1 3 9 - 1 4 1 °   ( L i t .   1 4 1 -  

1 4 2 ° ) .  



b.  1 - A d a m a n t a n e s u l f o n a m i d e .  

To  a  s o l u t i o n   of   t h e   p r o d u c t   of  E x a m p l e   1 2 6 a  

( 4 . 0   g,  2 0 . 0   mmol)  in   a c e t o n e   (150  ml)  a t   r e f l u x   w a s  

a d d e d   a  s a t d   a c e t o n e   s o l u t i o n   of   KMn04  u n t i l   a  f a i n t  

v i o l e t   c o l o r   p e r s i s t e d .   The  s o l u t i o n   was  c o o l e d ,   f i l -  

t e r e d   t h r o u g h   C e l i t e ®   and  c o n c e n t r a t e d   u n d e r   v a c u u m   t o  

g i v e   t h e   p r o d u c t   ( 3 . 2 g )   as  a  s o l i d ;   m . p . = 1 9 1 - 1 9 3 °  

( L i t .   1 9 7 - 1 9 8 ° ) ;   TLC,  R f = 0 . 8 0 ,   E t O A c .  

c.  3 ( R S ) - [ 1 , 4 - D i o x o - 4 - [ ( t r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 -  

y l ) s u l f o n y l a m i n o ] b u t y l ] - L - l e u c y l - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e   ( F o r m u l a   I c ,   R 1 = C H ( C H 3 ) C H 3 ,  R 2 = C H ( C H 3 ) C H 3 ,  

R 3 = ( 1 - a d a m a n t y l ) S ( O 2 ) N H C O ( C H 2 ) 2 ,   R4=H,  R 5 =  

( C H 2 ) 3 C H 3 ,   R6=H,  A=CO,  n = l ) .  

A  s o l u t i o n   of   t h e   p r o d u c t   of   E x a m p l e   24  ( 3 0 0  

mg,  0 . 5 1   m m o l ) ,   DMAP  (62  mg,  0 . 5 1   m m o l ) ,   WSCDI  (99  m g ,  
0 . 5 1   mmol)  and   t h e   p r o d u c t   of   E x a m p l e   126b  (110  m g ,  
0 . 5 1   mmol)  in   CH2Cl2  (30  ml)   was  s t i r r e d   a t   room  t e m -  

p e r a t u r e   f o r   16  h r .   T h e  C H 2 C l 2   s o l u t i o n   w a s  w a s h e d  

(1N  HC1,  b r i n e ) ,   d r i e d   ( M g S 0 4 ) ,   f i l t e r e d ,   and  c o n c e n -  

t r a t e d   u n d e r   v a c u u m .   The  c r u d e   p r o d u c t   was  p u r i f i e d  

by  p r e p a r a t i v e   TLC  (MeOH:CHCl3  ( 1 : 9 ) )   to  g i v e   t h e  

t i t l e   p r o d u c t   as  a  s o l i d ;   TLC,  R f = 0 . 5 6 ,   M e O H : C H C l 3  
( 5 : 9 5 ) ;   HPLC,  t R = 4 . 2 3   &  7 . 0 5 ,   Col   A,  H2O:CH3CN  ( 1 : 1 ) ,  

F R = 2 . 0 .  

A n a l y s i s   c a l c u l a t e d   f o r :  

C 3 6 H 5 6 F 3 N 5 O 8 S . 1 . 2 H 2 O :   C,  5 4 . 2 2 ;   H,  7 . 3 8 ;   N,  7 . 7 8  

F o u n d :   C,  5 4 . 2 8 ;   H,  7 . 8 4 ;   N,  7 . 7 1  



1.  A  c o m p o u n d   o f   f o r m u l a   l a ,   Ib  o r   I c :  

w h e r e i n   . 
R1  i s   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n   a t o m s ,   and   m o r e   p r e f e r a b l y   f r o m   2  to   5  c a r b o n s ;  

E P O - 1  



R2  and  R5  a r e   e a c h   s e l e c t e d   i n d e p e n d e n t l y  
f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  10  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n   a t o m s   s u b s t i t u t e d   by  a t   l e a s t  

one  m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t -  

i n g   o f :  

(a)   h y d r o x y ;  

(b)   a m i n o ;  

( c )   a l k y l a m i n o   c o n t a i n i n g   f r o m   1 

to   6  c a r b o n s ;  

(d)   d i a l k y l a m i n o   w h e r e i n   e a c h  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( e )   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  
6  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  
c o n t a i n s   6 ,  1 0  o r   12  c a r b o n s ;  

(g)   a r a l k a n o y l  c o n t a i n i n g   8  to   1 3  

c a r b o n s ;  

(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to   t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen   o r   c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  



(k)   a r y l c a r b o n y l a m i n o  w h e r e i n   t h e  
a r y l   g r o u p   c o n t a i n s   6 ,   10  o r   1 2  

c a r b o n s ;  

(1)   a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m  7   to  1 3  

c a r b o n s ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(n)   a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   1 3  

c a r b o n s ;  

(o)   c a r b o x y ;  

(p)   a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to   13  
c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n  c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to   14  c a r b o n s ;  

(u)   a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6  c a r -  

b o n s ;  



(v)   a r a l k y l a u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s  

(x)   a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n -  

y l )   i n c l u d i n g   a c y l s u l f o n a m i d o   w h e r e i n  

t h e   a c y l   g r o u p   c o n t a i n s   1  t o  7   c a r b o n s  

w h e n   i t   i s   t h e   t e r m i n a l   p o r t i o n   o f   t h e  

a c y l s u l f o n a m i d e   and   p r o v i d e d   t h a t   w h e n  

t h e   a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l  
t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d   b y  

a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and   n i t r o ;  

(y)   a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( z )   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l  

a m i n o ) ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s ;  

(bb )   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  



( c c )   a r y l   c o n t a i n i n g   6,  10  o r   1 2  

c a r b o n s   ( e . g . ,   p h e n y l ,   b i p h e n y l ,  

n a p h t h y l ) ;  

( d d )   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   and   s u b s t i t u t e d   by  1  t o   3  

m e m b e r s   s e l e c t e d   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   o f   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,  

t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  to   6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (1  to   6  c a r b o n s ) ,   c a r b o x y ,  

5 - t e t r a z o l o ,   and  a c y l s u f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r -  

b o n y l )   (1  to   15  c a r b o n s )   and   p r o v i d e d  

t h a t   w h e n   t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) .  

( f f )   a l k y l u r e i d o   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n s ;  

( g g )   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   8  to   13  

c a r b o n s ;  

( h h )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s :   a n d  

( I I I )   an  a r y l   g r o u p   of  6  c a r b o n s ,   e . g .  
p h e n y l .  



R3  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   12  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   12  c a r b o n s   and   f r o m   1  to   4  h e t e r o   a t o m s  

e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   o f   n i t r o g e n   and   o x y g e n ;  
( I I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s   a n d ,   o p t i o n a l l y ,   1  to   4  h e t e r o  

a t o m s   e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t -  

ly   f r o m   t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   a n d  

o x y g e n ,   and   s u b s t i t u t e d   on  a t   l e a s t   one  o f  

c a r b o n   or   n i t r o g e n   by  1  to   3  m e m b e r s   s e l e c t -  

ed  i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

o f :  

F o r   c a r b o n s  

( a )   h y d r o x y ,   p r o v i d e d   t h a t   i t   m a y  
n o t   be  on  a  c a r b o n   d i r e c t l y   b o n d e d   t o  

A;  

(b)  a m i n o ,   p r o v i d e d   t h a t   i t   m a y  

n o t   be  on  a  c a r b o n   d i r e c t l y   b o n d e d   t o  

A ;  

(c)   a l k y l a m i n o   c o n t a i n i n g   f r o m   1 

to   6  c a r b o n s ,   p r o v i d e d   t h a t   i t   may  n o t  

be  on  a  c a r b o n   d i r e c t l y   b o n d e d   to  A; 

(d)  d i a l k y l a m i n o   w h e r e i n   e a c h  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ,   p r o v i d e d   t h a t   i t   may  n o t   be  o n  

a  c a r b o n   d i r e c t l y   b o n d e d   to   A;  



(e )   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  o r   12  c a r b o n s ;  

( g ) .   a r a l k a n o y l   c o n t a i n i n g  8   to  1 3  

c a r b o n s ;  

(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to   t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen   or   c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m  1   to   6 

c a r b o n s ;  

(k)   a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  
a r y l   g r o u p   c o n t a i n s   6,  10  o r   1 2  

c a r b o n s ;  

( k ) - ( l )   a r y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l   g r o u p   c o n t a i n s   6,  10  o r   12  

c a r b o n s   and   i s   s u b s t i t u t e d   by  a  m e m b e r  

s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y c a r b o n y l ,  

w h e r e   a l k o x y   i s   1  to   3  c a r b o n s ,   5 -  

t e t r a z o l o ,   and   a c y l s u l f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and   s u l f o n y l a m i n o -  

c a r b o n y l )   c o n t a i n i n g   1  to   15  c a r b o n s  

and   p r o v i d e d   t h a t   when   t h e   a c y l s u l f o n -  

a m i d o   c o n t a i n s   an  a r y l   t h e   a r y l   may  b e  

f u r t h e r   s u b s t i t u t e d   by  a  m e m b e r   s e l e c t -  



ed  f r o m   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   a n d  

n i t r o ;  

(1)   a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  1 3  

c a r b o n s ;  

( 1 ) - ( 1 )   a r a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s   and   i s   s u b s t i t u t e d   by  a  

m e m b e r   s e l e c t e d   f r o m  c a r b o x y ,   a l k o x y -  

c a r b o n y l ,   w h e r e   t h e   a l k o x y   h a s   1  to   3  

c a r b o n s ,   5 - t e t r a z o l o ,   and   a c y l s u l f o n -  

a m i d o   ( i . e .   a c y l a m i n o s u l f o n y l   and   s u l -  

f o n y l a m i n o c a r b o n y l )   c o n t a i n i n g   1  to   1 5  

c a r b o n s   and   p r o v i d e d   t h a t   when   t h e  

a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l   t h e  

a r y l   may  be  f u r t h e r   s u b s t i t u t e d   by  a  

m e m b e r   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and   n i t r o ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(n)   a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(o)  c a r b o x y ;  

(p)   a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  



(q)   a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  t o   1 3  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to   13  c a r b o n s ;  

(u)   a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( u ) - ( l )   c y c l o a l k y l s u l f o n a m i d o  

w h e r e i n   t h e   c y c l o a l k y l   p o r t i o n   c o n t a i n s  

3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ;  

(v)   a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   1 3  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  12  c a r -  

b o n s ;  

(x)   a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n -  

y l )   (1  to   15  c a r b o n s )   i n c l u d i n g   a c y l -  
s u l f o n a m i d o   w h e r e i n   t h e   a c y l   g r o u p   c o n -  

t a i n s   1  to   7  c a r b o n s   when   i t   i s   t h e  

t e r m i n a l   p o r t i o n   of   t h e   a c y l s u l f o n a m i d e ,  
and  p r o v i d e d   t h a t   when   t h e   a c y l s u l f o n -  



a m i d o   c o n t a i n s   an  a r y l   t h e   a r y l   may  b e  

f u r t h e r   s u b s t i t u t e d   by  a  m e m b e r   s e l e c t -  

ed  f r o m   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   a n d  

n i t r o  

(y)   a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( z )   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l -  

a m i n o ) ;  

( z ) - ( l )   a r a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   8  t o  

13  c a r b o n s ;  

( z ) - ( 2 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( z ) - ( 3 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s   and   i s  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

a m i n o c a r b o n y l ,   a m i n o c a r b o n y l a l k y l   w h e r e  

t h e   a l k y l   h a s   1  to   3  c a r b o n s ,   a l k o x y c a r -  

b o n y l   h a v i n g   1  to  3  c a r b o n s ,   and   c a r -  

b o x y ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s ;  

( a a ) - ( 1 )   a r y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  10  

or   12  c a r b o n s ;  



( b b )   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  t o   6 

c a r b o n s ;  

( b b ) - ( l )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s  1   t o  

6  c a r b o n s   a n d   i s   o p t i o n a l l y   b o n d e d   o n  

c a r b o n   to   a  c a r b o n   of   an  a r o m a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   i n   ( g g )  

u n d e r   R 3 ;  

( b b ) - ( 2 )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   s u b s t i t u t e d   by  an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   i n   ( f f )  

u n d e r   R 3 ;  

( b b ) - ( 3 )   a r y l o x y a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r y l   c o n t a i n s   6  o r   10  c a r -  

b o n s   and   t h e   a l k y l   h a s   1  to   6  c a r b o n s ;  

( b b ) - ( 4 )   a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s   1  to   6 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   ( e . g . ,   p h e n y l ,   n a p h t h y l ,   b i -  

p h e n y l ) ;  

( c c ) - ( 1 )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s ;  

(dd )   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   and   s u b s t i t u t e d   by  1  to  3  m e m -  

b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of  c h l o r o ,   b r o m o ,  

i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  



a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6 

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r -  

b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l   ( 2  

to  6  c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a -  

z o l o ,   a n d   a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n -  

y l )   (1  t o   15  c a r b o n s ) ,   and  p r o v i d e d  

t h a t   w h e n   t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

a n   a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

( d d ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s   and   s u b s t i t u t e d   on  c a r b o n  

by  1  t o   3  m e m b e r s   i n d e p e n d e n t l y   s e l e c t -  

ed  f r o m   t h e   g r o u p   c o n s i s t i n g   o f   c h l o r o ,  

b r o m o ,   i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o -  

m e t h y l ,   a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y  

(1  to   6  c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  t o  

6  c a r b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l  

(2  t o  6   c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 -  

t e t r a z o l o ,   a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n -  

y l )   (1  to   15  c a r b o n s )   and  p r o v i d e d   t h a t  

when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s   a n  

a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d  

by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ;  



( e e ) - ( l )   c y c l o a l k y l o x y   c o n t a i n i n g  
f r o m   3  to   15  c a r b o n s i  

( f f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   o f   a t   l e a s t   4  a t o m s   c o n t a i n i n g  

f r o m   1  to   5  c a r b o n s   and   f r o m   1  t o  4  

h e t e r o   a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

o f   n i t r o g e n   and   o x y g e n   ( e . g . ,   m o r p h o -  

l i n e ,   p i p e r a z i n e ) ,   w h e r e i n   t h e   a l i p h a t -  

i c   h e t e r o c y c l i c   g r o u p   may  o p t i o n a l l y  

c o n t a i n   1  o r   2  d o u b l e   b o n d ( s ) ,   w h i c h  

a l i p h a t i c   h e t e r o c y c l i c   g r o u p   may  b e  

s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r -  

b o n s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m  

1  t o  6   c a r b o n s ,   an  a r y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s  

6,  10  or   12  c a r b o n   a t o m s ,   an  a r a l k y l -  

o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a r a l k y l  

g r o u p   c o n t a i n s   f r o m   7  to  13  c a r b o n s   o r  

an  a l k o x y c a r b o n y l   g r o u p   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( f f ) - ( 1 )   an  a l i p h a t i c   h e t e r o c y -  

c l i c   oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   t h e  

i s   b o n d e d   d i r e c t l y   to   a  c a r b o n   a t o m   o f  

t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p   of   a t  

l e a s t   5  a t o m s   c o n t a i n i n g   f r o m  1   to  5 

c a r b o n s   and   f r o m   1  t o  4   h e t e r o   a t o m s  

e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  



f r o m   t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n  

and   o x y g e n ,   ( e . g . ,   m o r p h o l i n e ,   p i p e r a -  

z i n e ) ,   w h e r e i n   t h e   a l i p h a t i c   h e t e r o c y -  

c l i c   g r o u p   may  o p t i o n a l l y   c o n t a i n   1  o r  

2  d o u b l e   b o n d ( s ) ,   w h i c h   a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   may  be  s u b s t i t u t e d  

a t   any  n i t r o g e n   w i t h   an  a l k y l   g r o u p  

c o n t a i n i n g   f r o m   1  to   6  c a r b o n s ,   a n  

a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6 

c a r b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  1 0  

or   12  c a r b o n s ,   an  a r a l k y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r a l k y l   g r o u p   c o n -  

t a i n s   f r o m   7  to   13  c a r b o n s   o r   an  a l k -  

o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to  6  c a r b o n s ;  

( g g )   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   c o n t a i n i n g   (1)   f r o m   1  to   15  c a r -  
b o n s   and  f r o m   1  to   4  h e t e r o a t o m s   e a c h  

of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   s u l f u r ,  

n i t r o g e n   and   o x y g e n   and   (2)  f r o m   1  to   3 

f i v e   or   s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h   i s   a r o m a t i c ,   and  o p t i o n a l l y ,  

w h e r e i n   up  to   3  c a r b o n s   of   t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   w i t h   a  m e m -  
b e r   of   t h e   g r o u p   c o n s i s t i n g   o f   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o m e t h y l ,  

a l k y l   c o n t a i n i n g   f r o m   1  t o  6   c a r b o n s ,  

a l k o x y   c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,  



a l k a n o y l   c o n t a i n i n g   f r o m  2   to   6  c a r b o n s ,  

c a r b o x y ,   a m i n o c a r b o n y l a l k y l   (2  to   6 

c a r b o n s )   and   a m i n o c a r b o n y l ,  a n d   p r o -  
v i d e d   f u r t h e r   t h a t   any  n i t r o g e n   a t o m  

may  be  s u b s t i t u t e d   by  an  a l k y l   g r o u p  

c o n t a i n i n g   f r o m   1  to   6  c a r b o n   a t o m s ;  

( g g ) - ( l )   an  a r o m a t i c   h e t e r o c y c l i c  

oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   i s   b o n d e d  

d i r e c t l y   to   a  c a r b o n   o f   an  a r o m a t i c  

h e t e r o c y c l i c   g r o u p   c o n t a i n i n g   (1)   f r o m  

1  to   15  c a r b o n s   and  f r o m   1  to   4  h e t e r o -  

a t o m s   e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e -  

p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

s u l f u r ,   n i t r o g e n   and   o x y g e n   and   ( 2 )  

f r o m   1  to   3  f i v e   or  s i x - m e m b e r e d   r i n g s  

a t   l e a s t   one   o f   w h i c h   i s   a r o m a t i c ,   a n d  

o p t i o n a l l y ,   w h e r e i n   up  to   3  c a r b o n s   o f  

t h e   a r o m a t i c   r i n g ( s )   may  be  s u b s t i t u t e d  

w i t h   a  m e m b e r   of   t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i -  

f l u o r o m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m  

2  to   6  c a r b o n s ,   c a r b o x y ,   a m i n o c a r b o n y l -  

a l k y l   (2  to   6  c a r b o n s )   and   a m i n o c a r b o n -  

y l ,   and   p r o v i d e d   f u r t h e r   t h a t   a n y  

n i t r o g e n   a t o m   may  be  s u b s t i t u t e d   by  a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to  6  c a r -  

b o n s ;  



( h h )   a l k y l u r e i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n  

a t o m s ;  

( h h ) - ( I )   c y c l o a l k y l u r e i d o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   3  to  15  c a r -  

b o n s ;  

( i i )   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s ;  

( j j )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( j j ) - ( l )   a r y l u r e i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s  

and   i s   s u b s t i t u t e d   by  1  to  3  m e m b e r s  

s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e   g r o u p  

c o n s i s t i n g   of   c h l o r o ,   b r o m o ,   i o d o ,  

f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l  

(1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6  c a r -  

b o n s ) ,   a l k o x y c a r b o n y l   (2  to  6  c a r b o n s ) ,  

c a r b o x y ,   a m i n o c a r b o n y l a l k y l   (2  to   6 

c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a z o l o ,  

and   a c y l s u l f o n a m i d o   ( i . e .   a c y l a m i n o s u l -  

f o n y l   and   s u l f o n y l a m i n o c a r b o n y l )   (1  t o  

15  c a r b o n s )   i n c l u d i n g   a c y l s u l f o n a m i d o  

w h e r e i n   t h e   a c y l   g r o u p   c o n t a i n s   1  t o  7  

c a r b o n s   when   i t   i s   t h e   t e r m i n a l   p o r t i o n  

o f   t h e   a c y l s u l f o n a m i d e   and   p r o v i d e d  

t h a t   w h e n   t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  



t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

F o r   n i t r o g e n :  

(a )   a l k y l   o f   1  to  3  c a r b o n s ;  

(b)   a l k a n o y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n   a t o m s ;  

( c )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

(d)   a r a l k a n o y l   c o n t a i n i n g   8  to   1 4  

c a r b o n s ;  

( e )   f o r m y l ;  

( f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s   b o n d e d  

d i r e c t l y   to   a  c a r b o n   of   an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   d e f i n e d   in   ( f f )   f o r  

t h e   c a r b o n   s u b s t i t u e n t s ;  

(g)   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s   b o n d e d  

d i r e c t l y   to   a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l i c   g r o u p   d e f i n e d   i n   ( g g )   f o r  

t h e   c a r b o n   s u b s t i t u e n t s .  

( IV)   an  a r y l   g r o u p   c o n t a i n i n g   6,  10  o r  

12  c a r b o n s ;  

(V)  an  a r y l   g r o u p   c o n t a i n i n g   6,  10  o r  

12  c a r b o n s   s u i t a b l y   s u b s t i t u t e d   by  1  to   3 

m e m b e r s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of  f l u c r o ,   c h l o r o ,   b r o m o ,  

i o d o ,   t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   c o n -  

t a i n i n g   f r o m   1  to   6  c a r b o n s ,   a l k o x y   c o n -  



t a i n i n g   f r o m   1  to   6  c a r b o n s ,   a l k o x y c a r -  

b o n y l   c o n t a i n i n g   f r o m   2  to   6  c a r b o n s ,  

c a r b o x y ,   a l k y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   1  to  6  c a r b o n s ,   5 -  

t e t r a z o l o ,   and   a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n y l )  

c o n t a i n i n g   f r o m   1  to   15  c a r b o n s ,   and   p r o v i d -  

ed  t h a t   when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s   a n  

a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d   b y  

a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and  n i t r o ;  

(VI)   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g   f r o m  

3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a m a n t y l ,  

n @ r b o r n y l ) ;  

( V I ) - ( l )   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g  

f r o m   3  to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ,   s u b s t i t u t e d   by  a  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   c a r -  

b o x y   and   a l k o x y c a r b o n y l   w h e r e i n   t h e   a l k o x y  

g r o u p   c o n t a i n s   1  to   4  c a r b o n s ;  

( V I I )   an  a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f  

a t   l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and   f r o m   1  to  4  h e t e r o   a t o m s   e a c h   o f  

w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ,  

( e . g . ,   m o r p h o l i n e ,   p i p e r a z i n e )   w h i c h   may  b e  

s u b s t i t u t e d   a t   any   n i t r o g e n   w i t h   a  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r b o n  

a t o m s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m   1 



to   6  c a r b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p  

w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s ,   an  a r a l k o x y c a r b o n y l   g r o u p   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   1 3  

c a r b o n s   and  an  a l k o x y c a r b o n y l   g r o u p   c o n t a i n -  

i n g   f r o m   2  to   7  c a r b o n s ,   p r o v i d e d   t h a t   w h e n  

A  i s   OCO  o r   NHCO  t h e n   A  m u s t   be  b o n d e d   to   a  

c a r b o n   a t o m   of   t h e   a l i p h a t i c   h e t e r o c y c l i c  

g r o u p s  

( V I I I )   an  a r o m a t i c   h e t e r o c y c l i c   g r o u p  

c o n t a i n i n g   (a)   f r o m   1  to  15  c a r b o n s   a n d   f r o m  

1  to   4  h e t e r o a t o m s   e a c h   o f   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

s u l f u r ,   n i t r o g e n   and   o x y g e n ,   and   (b)   f r o m   1 

to  3  f i v e   o r   s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

o f   w h i c h   i s   a r o m a t i c ,   and   o p t i o n a l l y ,  

w h e r e i n   up  to  3  c a r b o n s   of   t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   a t   any  c a r b o n  

a t o m   w i t h   a  member   of   t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o -  

m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1  to   6  c a r -  

b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1  to   6  c a r b o n s ,  

a l k a n o y l   c o n t a i n i n g   f r o m   2  to   6  c a r b o n s ,  

c a r b o x y ,   and   p r o v i d e d   f u r t h e r   t h a t   a n y  

n i t r o g e n   may  be  s u b s t i t u t e d   by  an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r b o n s ,  

p r o v i d e d   t h a t   when  A  i s   OCO  or   NHCO  t h e n   A 

m u s t   be  b o n d e d   to  a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l e ;  



( IX)   an  a l k e n y l   g r o u p   o f   2  to   1 0  

c a r b o n s ,   h a v i n g   a t   l e a s t   one   d o u b l e   b o n d ;  

a n d  

(X)  an  a l k e n y l   g r o u p   o f   2  to   1 0  

c a r b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d   a n d  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f  

(a)   a r y l   o f   6  or   10  c a r b o n s ;  

(b)  a r y l   o f   6  or   10  c a r b o n s  

s u b s t i t u t e d   by  1  to   3  m e m b e r s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   h y -  

d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l   (1  t o  6  
c a r b o n s ) ,   a l k o x y  ( 1   t o  6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (2  to   6  c a r b o n s ) ,   c a r b o x y ,  

5 - t e t r a z o l o ,   and   a c y l s u l f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r -  

b o n y l )   (1  to  15  c a r b o n s )   and   p r o v i d e d  

t h a t   when  t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  
c h l o r o ,   b r o m o ,   i o d o   a n d   n i t r o ,   a n d  

(c)   u r e i d o c a r b o n y l .  

R4  and  R6  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

h y d r o g e n   o r   m e t h y l ;  

n  i s   0,  1  or   2;  a n d  

A  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

o r  



w h e r e   a p p r o p r i a t e ,   t h e   a c i d -   and   b a s e - a d d i t i o n   s a l t s  

t h e r e o f ; a n d   p r o v i d e d   t h a t :  

(1)   a l k y l s   may  be  s t r a i g h t   o r   b r a n c h e d  

c h a i n ;  

(2)   no  c a r b o n   o f   an  a l k y l   may  be  d i r e c t l y  

b o n d e d   to   two  h e t e r o a t o m s ;  

(3)  no  h e t e r o a t o m   may  be  d i r e c t l y   b o n d e d   t o  

a  s u l f u r ,   n i t r o g e n   or   o x y g e n ;   a n d  

(4)   a l k e n y l s   of   IX  and   X  f o r   R 3  m a y   n o t   b e  

1 , 1 - d i s u b s t i t u t e d ,   and   a  c a r b o n   o f   a  d o u b l e   b o n d   m a y  

n o t   be  d i r e c t l y   b o n d e d   to   an  o x y g e n   o r   n i t r o g e n .  

2.  A  c o m p o u n d   as  c l a i m e d   i n   C l a i m   I  

w h e r e i n :  
R1  i s   an  a l k y l   g r o u p   c o n t a i n i n g   3  c a r b o n s ;  
R2  and   R5  a r e   e a c h   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

t o  4   c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  4  c a r b o n s   s u b s t i t u t e d   by  a t   l e a s t   o n e  

m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g  

o f :  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

3  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6  or   10  c a r b o n s ;  

(g)  a r a l k a n o y l   c o n t a i n i n g  8   c a r -  

b o n s ;  



(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen  or   c a r b o n   o f   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   2 

c a r b o n s  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   2 

c a r b o n s ;  

(k)   a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s ;  

(1)   a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  
a r y l   g r o u p   c o n t a i n s  6   c a r b o n s ;  

(n)   a r a l k y a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s ;  

(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   7  c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to   2  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   8 

c a r b o n s ;  



(u)   a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

(v)   a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  1 3  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s  6   or   10  c a r b o n s ;  

(x)   a c y l s u l f o n a m i d o   c o n t a i n i n g   1 

to  15  c a r b o n s ;  

(y)   a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to   2 

c a r b o n s ;  

(z )   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   7  c a r b o n s ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  
t h e   a r y l o x y   g r o u p   c o n t a i n s  6   c a r b o n s ;  

( b b )   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to   3 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6  or   1 0  

c a r b o n s ;  

(dd )   a r y l   c o n t a i n i n g   6  or   10  

c a r b o n s   and   s u b s t i t u t e d   b y  1   to   3 

m e m b e r s   s e l e c t e d   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,  

t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   (1  to   2 

c a r b o n s ) ,   a l k o x y   (1  to   2  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (2  to  3  c a r b o n s ) ,   c a r b o x y ,  



5 - t e t r a z o l o   and   a c y l s u f o n a m i d o   (1  to   15  

c a r b o n s ) ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s ;  

( f f )   a l k y l u r e i d o   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to  2  c a r b o n s ;  

( g g )   a r a l k y l u r e i d o   w h e r e i n   t h e  
araikyl group contains 7 carbons; 

( h h )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6  or  10  c a r b o n s ;   a n d  

( I I I )   an  a r y l   g r o u p   o f  6   c a r b o n s .  

R3  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   12  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   12  c a r b o n s   and  f r o m   1  to   4  h e t e r o   a t o m s  

e a c h   of  w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ;  

( I I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s   and ,   o p t i o n a l l y ,   1  to  4  h e t e r o  

a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t -  

ly   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   n i t r o g e n   a n d  

o x y g e n ,   and   s u b s t i t u t e d   on  a t   l e a s t   one  o f  

c a r b o n   or   n i t r o g e n   by  1  to  3  m e m b e r s  

s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   o f :  

F o r   c a r b o n :  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  



( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  
c o n t a i n s   6,  10  or  12  c a r b o n s ;  

(g)   a r a l k a n o y l   c o n t a i n i n g   8  t o   1 3  

c a r b o n s ;  

(h)   a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen  o r   c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

(k)   a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s  6   or   10  c a r b o n s ;  

( k ) - ( l )   a r y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s  

and  i s   s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d  

f r o m   c a r b o x y ,   a l k o x y c a r b o n y l ,   w h e r e  

a l k o x y   i s   1  to   3  c a r b o n s ,   5 - t e t r a z o l o ,  

and   a c y l s u l f o n a m i d o   c o n t a i n i n g   1  to  15  

c a r b o n s ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   1 3  

c a r b o n s ;  

( 1 ) - ( 1 )   a r a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r a l k y i   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s   and   i s   s u b s t i t u t e d   by  a  m e m -  
b e r   s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y c a r -  
bonyl, where the alkoxy has 1 to 3 car- 



b o n s ,   5 - t e t r a z o l o ,   and   a c y l s u l f o n a m i d o  

c o n t a i n i n g   1  to   15  c a r b o n s ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s  6   or   10  c a r b o n s ;  

(n)  a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  1 3  

c a r b o n s ;  

(o)   c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  

(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   2 

to   3  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6  or   10  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to   13  c a r b o n s ;  

(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

( u ) - ( l )   c y c l o a l k y l s u l f o n a m i d o  

w h e r e i n   t h e   c y c l o a l k y l   p o r t i o n   c o n t a i n s  

3  to   15  c a r b o n s ;  

(v)  a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m  7   to  13  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  



(x)   a c y l s u l f o n a m i d o   c o n t a i n i n g   1 

to  15  c a r b o n s ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to   3 

c a r b o n s ;  

( z )   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s ;  

( z ) - ( l )   a r a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s ;  

( z ) - ( 2 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( z ) - ( 3 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  o r   12  c a r b o n s   and   i s  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m  

a m i n o c a r b o n y l ,   a m i n o c a r b o n y l a l k y l   w h e r e  

t h e   a l k y l   h a s   1  to   3  c a r b o n s ,   a l k o x y -  

c a r b o n y l   h a v i n g   2  to   4  c a r b o n s ,   a n d  

c a r b o x y ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6  or   10  

c a r b o n s ;  

( a a ) - ( 1 )   a r y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6  or  10  

c a r b o n s ;  

(bb )   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  



( b b ) - ( l )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   and   i s   o p t i o n a l l y   b o n d e d   to   a  

c a r b o n   of   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   as  d e s c r i b e d   i n   (gg )   u n d e r   R 3 ;  

( b b ) - ( 2 )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   s u b s t i t u t e d   by  an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   in   ( f f )  

u n d e r   R 3 ;  

( b b ) - ( 3 )   a r y l o x y a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r y l   c o n t a i n s   6  or   10  c a r -  

b o n s   and   t h e   a l k y l   h a s   1  to   6  c a r b o n s ;  

( b b ) - ( 4 )   a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s  1   to   6  

c a r b o n s ;  

( c c )   a r y l  c o n t a i n i n g   6  o r   10  c a r -  

b o n s ;  

( c c ) - ( 1 )   a r y l o x y   c o n t a i n i n g   6  o r  

10  c a r b o n s ;  

(dd)   a r y l   c o n t a i n i n g   6,  10  or  1 2  

c a r b o n s   and   s u b s t i t u t e d   by  1  to  3 

m e m b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   c h l o r o ,   b r o m o ,  

i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  

a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y   (1  to  6 

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  t o  6   c a r -  

b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l   ( 2  

to  6  c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a -  



z o l o ,   and   a c y l s u l f o n a m i d o   (1  to   1 5  

c a r b o n s ) ;  

( d d ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s   and   s u b s t i t u t e d   by  1  to   3  

m e m b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   c h l o r o ,   b r o m o ,  

i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  

a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6  

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r -  

b o n s ) ,   c a r b o x y ,   a c y l s u l f o n a m i d o   (I  t o  

15  c a r b o n s ) ,   a m i n o c a r b o n y l a l k y l   (2  to   6 

c a r b o n s ) ,   a m i n o c a r b o n y l   and   5 - t e t r a -  

z o l o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s ;  

( e e ) - ( l )   c y c l o a l k y l o x y   c o n t a i n i n g  

f r o m   3  to   15  c a r b o n s ;  

( f f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   o f   a t   l e a s t   5  a t o m s   c o n t a i n i n g  

f r o m   1  to   5  c a r b o n s   and   f r o m   1  to  4 

h e t e r o   a t o m s   e a c h   o f   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   n i t r o g e n   and   o x y g e n ,   w h e r e i n   t h e  

a l i p h a t i c   h e t e r o c y c l i c   g r o u p   may  o p -  

t i o n a l l y   c o n t a i n   1  o r   2  d o u b l e   b o n d ( s ) ,  

w h i c h   a l i p h a t i c   h e t e r o c y c l i c   g r o u p   m a y  
be  s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to  6 

c a r b o n s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g  

f r o m   2  to  6  c a r b o n s ,   an  a r y l o x y c a r b o n y l  



g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s  

6,  10  or   12  c a r b o n s ,   an  a r a l k y l o x y c a r -  

b o n y l   g r o u p   w h e r e i n   t h e   a r a l k y l   g r o u p  
c o n t a i n s   f r o m   7  to   13  c a r b o n s   or   a n  

a l k o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  t o  6   c a r b o n s ;  

( f f ) - ( 1 )   an  a l i p h a t i c   h e t e r o c y -  

c l i c   oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   o f   a n  

a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f   a t  

l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and   f r o m   1  to  4  h e t e r o   a t o m s  

e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f   n i t r o g e n  

and  o x y g e n ,   w h e r e i n   t h e   a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   may  o p t i o n a l l y  

c o n t a i n   1  o r   2  d o u b l e   b o n d ( s ) ,   w h i c h  

a l i p h a t i c   h e t e r o c y c l i c   g r o u p   may  b e  

s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to  6 

c a r b o n s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g  

f r o m   2  to  6  c a r b o n s ,   an  a r y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s  

6,  10  o r   12  c a r b o n s ,   an  a r a l k y l o x y c a r -  

b o n y l   g r o u p   w h e r e i n   t h e   a r a l k y l   g r o u p  
c o n t a i n s   f r o m   7  to  13  c a r b o n s   or  a n  

a l k o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m  1   to  6  c a r b o n s ;  

(gg )   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   c o n t a i n i n g   (1)  f r o m   1  to   15  



c a r b o n s   and  f r o m   1  to   4  h e t e r o a t o m s  

e a c h   o f   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   s u l f u r ,  

n i t r o g e n   and   o x y g e n   and  (2)  f r o m   1  t o   2 

f i v e   or   s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h   i s   a r o m a t i c ,   and   o p t i o n a l l y ,  

w h e r e i n   up  to   3  c a r b o n s   of   t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   w i t h   a  

m e m b e r   of   t h e   g r o u p   c o n s i s t i n g   o f  

f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o -  

m e t h y l ,   a l k y l   c o n t a i n i n g   m e t h y l ,   a l k o x y  

c o n t a i n i n g   f r o m   1  to   2  c a r b o n s ,   a l k a n o y l  

c o n t a i n i n g   f r o m   2  to   3  c a r b o n s ,   c a r b o x y ,  

a m i n o c a r b o n y l a l k y l   (2  to  6  c a r b o n s )   a n d  

a m i n o c a r b o n y l ,   and   p r o v i d e d   f u r t h e r  

t h a t   any   n i t r o g e n   a t o m   may  be  s u b s t i -  

t u t e d   by  an  a l k y l   g r o u p   c o n t a i n i n g   f r o m  

I  to   6  c a r b o n s ;  

( g g ) - ( 1 )   an  a r o m a t i c   h e t e r o c y c l i c  

oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   a t o m   of   a n  

a r o m a t i c   h e t e r o c y c l i c   g r o u p   c o n t a i n i n g  

(1)  f r o m   1  to   15  c a r b o n s   and   f r o m   1  t o  

4  h e t e r o a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   s u l f u r ,   n i t r o g e n   and  o x y g e n   and   ( 2 )  

f r o m   l . t o   2  f i v e   or  s i x - m e m b e r e d   r i n g s  

a t   l e a s t   one   of   w h i c h   i s   a r o m a t i c ,   a n d  

o p t i o n a l l y ,   w h e r e i n   up  to   3  c a r b o n s   o f  

t h e   a r o m a t i c   r i n g ( s )   may  be  s u b s t i t u t e d  



w i t h   a  m e m b e r   of   t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i -  

f l u o r o m e t h y l ,   m e t h y l ,   a l k o x y   c o n t a i n i n g  

f r o m   1  to  2  c a r b o n s ,   a l k a n o y l   c o n t a i n -  

i n g   f r o m   2  to  3  c a r b o n s ,   c a r b o x y ,  

a m i n o c a r b o n y l a l k y l   (2  to  6  c a r b o n s )   a n d  

a m i n o c a r b o n y l ,   and  p r o v i d e d   f u r t h e r  

t h a t   any   n i t r o g e n   a t o m   may  be  s u b s t i -  

t u t e d   by  an  a l k y l   g r o u p   c o n t a i n i n g   f r o m  

1  t o  6   c a r b o n s ;  

(hh )   a l k y l u r e i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( h h ) - ( l )   c y c l o a l k y l u r e i d o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   3  to   15  c a r -  

b o n s ;  

( i i )   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

( j j )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6  or   10  c a r b o n s ;  

( j j ) - ( 1 )   a r y l u r e i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  or  10  c a r b o n s   a n d  

i s   s u b s t i t u t e d   b y  1   to   3  m e m b e r s  

i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e   g r o u p  

c o n s i s t i n g   of   c h l o r o ,   b r o m o ,   i o d o ,  

f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l  

(1  t o  6   c a r b o n s ) ,   a l k o x y   (1  to   6  c a r -  

b o n s ) ,   a l k o x y c a r b o n y l   (2  to  6  c a r b o n s ) ,  

c a r b o x y ,   a c y l s u l f o n a m i d o   (1  to   15  c a r -  



b o n s ) ,   a m i n o c a r b o n y l a l k y l   (2  t o   6  c a r -  

b o n s ) ,   a m i n o c a r b o n y l   and  5 - t e t r a z o l o ;  

F o r   n i t r o g e n :  

(a )   a l k y l   o f   1  to   3  c a r b o n s ;  

(b)   a l k a n o y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n s ;  

( c )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

(d)   a r a l k a n o y l   c o n t a i n i n g   8  to   1 3  

c a r b o n s ;  

(e )   f o r m y l ;  

( f )   an  a l i p h a t i c   h e t e r o c y c l i c  

a m i n o   g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s  

b o n d e d   d i r e c t l y   to  a  c a r b o n   o f   an  a l i -  

p h a t i c   h e t e r o c y c l i c   g r o u p   d e f i n e d   i n  

( f f )   f o r   t h e   c a r b o n   s u b s t i t u e n t s ;  

(g)   an  a r o m a t i c   h e t e r o c y c l i c  

a m i n o   g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s  

b o n d e d   d i r e c t l y   to   a  c a r b o n   of   t h e  

a r o m a t i c   h e t e r o c y c l i c   g r o u p   d e f i n e d   i n  

( g g )   f o r   t h e   c a r b o n   s u b s t i t u e n t s .  

( IV)   an  a r y l   g r o u p   c o n t a i n i n g   6  or   1 0  

c a r b o n s ;  

(V)  an  a r y l   g r o u p   c o n t a i n i n g  6   or   1 0  

c a r b o n s   s u i t a b l y   s u b s t i t u t e d   by  1  to   3 

m e m b e r s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   f l u o r o ,   c h l o r o ,   b r o m o ,  

i o d o ,   t r i f l u o r o m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m  

1  to  6  c a r b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ,   a l k o x y c a r b o n y l   c o n t a i n i n g   f r o m   2 



to   6  c a r b o n s ,   c a r b o x y ,   a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s   1  to   6  c a r -  

b o n s ,   5 - t e t r a z o l o ,   and  a c y l s u l f o n a m i d o   c o n -  

t a i n i n g   f r o m   1  to  15  c a r b o n s ;  

(VI)   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g   f r o m  

3  to   15  c a r b o n s  

( V I ) - ( l )   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g  

f r o m   3  to  15  c a r b o n s ,   s u b s t i t u t e d   by  a  

m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

c a r b o n   and   a l k o x y c a r b o n y l   w h e r e i n   t h e   a l k o x y  

g r o u p   c o n t a i n s   1  to   4  c a r b o n s ;  

( V I I )   an  a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f  

a t   l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and   f r o m   1  to   4  h e t e r o   a t o m s   e a c h   o f  

w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ,  
w h i c h   may  be  s u b s t i t u t e d   a t   any  n i t r o g e n  

w i t h   a  member   s e l e c t e d   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   of   m e t h y l ,   an  a l k a n o y l   g r o u p   c o n -  

t a i n i n g   f r o m   2  to   6  c a r b o n s ,   an  a r y l o x y c a r -  

b o n y l   g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s  

6  o r   10  c a r b o n s ,   an  a r a l k o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  c a r b o n s  

and   an  a l k o x y c a r b o n y l   g r o u p   c o n t a i n i n g   f r o m  

2  to   3  c a r b o n s ,   p r o v i d e d   t h a t   when   A  i s   OCO 

or   NHCO,  t h e n   A  m u s t   be  b o n d e d   to   a  c a r b o n  

of   t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p ;  

( V I I I )   an  a r o m a t i c   h e t e r o c y c l i c   g r o u p  

c o n t a i n i n g   (a)   f r o m   1  to   15  c a r b o n s   and  f r o m  

1  to   4  h e t e r o a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  



i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

s u l f u r ,   n i t r o g e n   and   o x y g e n ,   and   (b)   f r o m   1 

to  2  f i v e   or   s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h   i s   a r o m a t i c ,   and   o p t i o n a l l y ,  

w h e r e i n   up  to   3  c a r b o n s   o f   t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   a t   any  c a r b o n  

a t o m   w i t h   a  m e m b e r   o f   t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o -  

m e t h y l ,   m e t h y l ,   a l k o x y   c o n t a i n i n g   f r o m   1  t o  

2  c a r b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m   2  to   3 

c a r b o n s ,   c a r b o x y ,   and   p r o v i d e d   f u r t h e r   t h a t  

any   n i t r o g e n   may  be  s u b s t i t u t e d   by  an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m  1   to   6  c a r b o n s ,  

p r o v i d e d   t h a t   w h e n  A   i s   OCO  or   NHCO  t h e n   A 

m u s t   be  b o n d e d   to   a  c a r b o n   o f   t h e   a r o m a t i c  

h e t e r o c y c l e ;  

( IX)  an  a l k e n y l   g r o u p   of   2  to  10  

c a r b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d ;  

(X)  an  a l k e n y l   g r o u p   o f   2  to   1 0  

c a r b o n s ,   h a v i n g   a t   l e a s t   one   d o u b l e   b o n d   a n d  

s u b s t i t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f  

(a)   a r y l   of   6  o r   10  c a r b o n s ;  

(b)  a r y l   of   6  or   10  c a r b o n s  

s u b s t i t u t e d   by  1  to   3  m e m b e r s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   h y -  

d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  t o  6   c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (2  to   6  c a r b o n s ) ,   c a r b o x y ,  



a c y l s u l f o n a m i d o   (1  to   15  c a r b o n s )   a n d  

5 - t e t r a z o l o ;   a n d  

(c )   u r e i d o c a r b o n y l ;  

R4  and   R6  a r e   e a c h   h y d r o g e n ;  

n - 1 ;   a n d  

A  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

3.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1 

w h e r e i n :  
R1  i s   i s o p r o p y l ;  

R2  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   2  to   3 

c a r b o n s ;  

( I I ) ( q )   e t h y l   s u b s t i t u t e d   by  a r a l k o x y -  

c a r b o n y l   w h e r e i n   t h e   a r a l k o x y   g r o u p   c o n t a i n s  

7  c a r b o n s ;  

(w)  b u t y l   s u b s t i t u t e d   by  an  a r y l -  

s u l f o n a m i d o   w h e r e i n   t h e   a r y l   p o r t i o n   h a s   6 

c a r b o n s ;  

(x)  e t h y l   s u b s t i t u t e d   by  a c y l s u l -  

f o n a m i d o   c o n t a i n i n g   7  c a r b o n s ;  

(z)   b u t y l   s u b s t i t u t e d   by  a r a l k y l -  

o x y c a r b o n y l a m i n o   w h e r e i n   t h e   a r a l k o x y   p o r -  
t i o n   c o n t a i n s   7  c a r b o n s ;  



( c c )   m e t h y l   s u b s t i t u t e d   by  an  a r y l  

c o n t a i n i n g   6  c a r b o n s ;   a n d  

( I I I )   a r y l   c o n t a i n i n g   6  c a r b o n s ;  

R3  i s   s e l e c t e d   f r o m ' t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   b r a n c h e d   a l k y l   c o n t a i n i n g   4  c a r -  

b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   5  c a r -  

b o n s   and   2  o x y g e n s ;  

( I I I ) ( k )   e t h y l   s u b s t i t u t e d   by  a r y l c a r -  

b o n y l a m i n o   w h e r e i n   t h e   a r y l   p o r t i o n   c o n -  

t a i n s   6  c a r b o n s ;  

(1)   e t h y l   s u b s t i t u t e d   by  an  a r a l k -  

y l c a r b o n y l a m i n o   w h e r e i n   t h e   a r a l k y l   p o r t i o n  

c o n t a i n s   13  c a r b o n s ;  

(n)   e t h y l   s u b s t i t u t e d   by  a r a l k y l -  

a m i n o c a r b o n y l   w h e r e i n   t h e   a l k y l   c o n t a i n s  7  

c a r b o n s ;  

(o)   an  a l k y l   g r o u p   c o n t a i n i n g   2  o r  

10  c a r b o n s   and   s u b s t i t u t e d   by  c a r b o x y ;  

(w)  an  a l k y l   g r o u p   c o n t a i n i n g  5  

c a r b o n s   and   s u b s t i t u t e d   by  a r y l s u l f o n a m i d o  

w h e r e i n   t h e   a r y l   p o r t i o n   c o n t a i n s  6   c a r b o n s ;  

(x)   e t h y l   s u b s t i t u t e d   by  an  a c y l s u l -  

f o n a m i d o   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   2 - ( m e t h y l s u l f o n y l a m i n o c a r b o n y l ) e t h y l ,   2 -  

( p h e n y l s u l f o n y l a m i n o c a r b o n y l ) e t h y l ,   2 - [ ( 1 -  

a d a m a n t y l ) s u l f o n y l a m i n o c a r b o n y l ] e t h y l ,   a n d  

2 - ( 1 - n a p h t h y l ) s u l f o n y l a m i n o c a r b o n y l ] e t h y l ;  



(y)   an  a l k y l   g r o u p   c o n t a i n i n g   2  o r  
10  c a r b o n s   and  s u b s t i t u t e d   by  m e t h o x y c a r b o n -  

y l ;  

( z )   an  a l k y l   g r o u p   c o n t a i n i n g   2  t o  

5  c a r b o n s   and  s u b s t i t u t e d   by  a r a l k o x y c a r b o n -  

y l   w h e r e i n   t h e   a r a l k o x y   p o r t i o n   c o n t a i n s   7 

c a r b o n s ;  

( a a )   an  a l k y l   c o n t a i n i n g   5  c a r b o n s  

and   s u b s t i t u t e d   by  a r y l o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a r y l o x y   p o r t i o n   c o n t a i n s   6  c a r -  

b o n s ;  

( b b )   e t h y l   s u b s t i t u t e d   by  a l k o x y c a r -  

b o n y l a m i n o   w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s  

4  c a r b o n s ;   and  an  a l k y l   c o n t a i n i n g   5  c a r b o n s  

a n d   s u b s t i t u t e d   by  an  a l k y l o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   2  c a r b o n s  

and   i s   s u b s t i t u t e d   on  t h e   t e r m i n a l   c a r b o n  

v i a   a  d i r e c t   l i n k   to   a  c a r b o n   a t o m   of   a n  

a r o m a t i c   h e t e r o c y c l e   c o n t a i n i n g   5  c a r b o n s  

and   1  n i t r o g e n ;  

( b b ) - ( 3 )   a  p r o p y l   g r o u p   s u b s t i t u t e d  

by  an  a r y l o x y a l k y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6  c a r b o n s   and   t h e   a l k y l  

g r o u p   i s   m e t h y l ;  

( c c )   m e t h y l   or  b u t y l   s u b s t i t u t e d   b y  

a r y l   c o n t a i n i n g   6  c a r b o n s ;   and   a  b r a n c h e d  

a l k y l   g r o u p   c o n t a i n i n g   5  c a r b o n s   and   s u b s t i -  

t u t e d   by  2  a r y l   g r o u p s   e a c h   c o n t a i n i n g  6  

c a r b o n s ;  



( d d )   a  m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   an  a l k y l   c o n t a i n i n g   1  o r  

2  c a r b o n s   and  s u b s t i t u t e d   w i t h  a n   a r y l   c o n -  

t a i n i n g   6  c a r b o n s   w h e r e i n   t h e   a r y l   i s   f u r t h e r  

s u b s t i t u t e d   by  c a r b o x y ;   m e t h y l   s u b s t i t u t e d  

by  an  a r y l   c o n t a i n i n g   6  c a r b o n s   w h e r e i n   t h e  

a r y l   i s   f u r t h e r   s u b s t i t u t e d   by  m e t h o x y c a r -  

b o n y l ;   e t h y l   s u b s t i t u t e d   by  an  a r y l   c o n -  

t a i n i n g   6  c a r b o n s   w h e r e i n   t h e   a r y l   i s  

f u r t h e r   s u b s t i t u t e d   by  e t h o x y c a r b o n y l ;   a n d  

e t h y l   s u b s t i t u t e d   by  an  a r y l   c o n t a i n i n g   6 

c a r b o n s   w h e r e i n   t h e   a r y l   i s   f u r t h e r   s u b s t i -  

t u t e d   by  an  a c y l s u l f o n a m i d o   c o n t a i n i n g  7  

c a r b o n s ;  

( e e )   e t h y l   s u b s t i t u t e d   by  a  c y c l o -  

a l k y l   c o n t a i n i n g   10  c a r b o n s ;  

( f f )   e t h y l   s u b s t i t u t e d   by  an  a l i -  

p h a t i c   h e t e r o c y c l e   c o n t a i n i n g   4  c a r b o n s ,   1 

n i t r o g e n   and   1  o x y g e n ;  

( g g )   an  a l k y l   c o n t a i n i n g   1  to   2 

c a r b o n s   and   s u b s t i t u t e d   by  an  a r o m a t i c  

h e t e r o c y c l e   c o n t a i n i n g   4  c a r b o n s   and   1 

s u l f u r ;   a n d   e t h y l   s u b s t i t u t e d   by  an  a r o m a t i c  

h e t e r o c y c l e   c o n t a i n i n g   5  c a r b o n s   and   1 

n i t r o g e n ;  

( j j ) - ( 1 )   an  a l k y l   g r o u p   c o n t a i n i n g  

5  c a r b o n s   and   s u b s t i t u t e d   by  an  a r y l u r e i d o  

w h e r e i n   t h e   a r y l   p o r t i o n   c o n t a i n s   6  c a r b o n s  

and  w h e r e i n   t h e   a r y l   p o r t i o n   i s   f u r t h e r  

s u b s t i t u t e d   by  e t h o x y c a r b o n y l   or   c a r b o x y ;  



( z z )   p r o p y l   s u b s t i t u t e d   by  a r y l o x y  

w h e r e i n   t h e   a r y l   c o n t a i n s   6  c a r b o n s ;   a  

b r a n c h e d   a l k y l   g r o u p   c o n t a i n i n g   5  c a r b o n s  

and   s u b s t i t u t e d   by  2  a r y l o x y   g r o u p s   e a c h  

c o n t a i n i n g   6  c a r b o n s ;  

( z z z )   m e t h y l   or   p r o p y l   s u b s t i t u t e d  

by  an  a r y l o x y   c o n t a i n i n g   6  c a r b o n s   w h e r e i n  

t h e   a r y l o x y   i s   f u r t h e r   s u b s t i t u t e d   by  a m i n o -  

c a r b o n y l ;   and  m e t h y l   s u b s t i t u t e d   by  an  a r y l -  

oxy  c o n t a i n i n g   6  c a r b o n s   w h e r e i n   t h e   a r y l o x y  

i s   f u r t h e r   s u b s t i t u t e d   by  e t h o x y c a r b o n y l ;  

( IV)   an  a r y l   g r o u p   c o n t a i n i n g   6  or  1 0  

c a r b o n s ;  

(V)  an  a r y l   g r o u p   c o n t a i n i n g   6  c a r b o n s  

s u b s t i t u t e d   b y  a   m e m b e r   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   f l u o r o ,   h y d r o x y ,   c a r b o x y ,  

m e t h o x y ,   e t h o x y ,   m e t h o x y c a r b o n y l ,   e t h o x y c a r -  

b o n y l ,   m e t h y l c a r b o n y l a m i n o ,   an  a c y l s u l f o n -  

a m i d o   c o n t a i n i n g   2  c a r b o n s ,   an  a c y l s u l f o n -  

a m i d o   c o n t a i n i n g   7  c a r b o n s ,   an  a c y l s u l f o n -  

a m i d o   c o n t a i n i n g   11  c a r b o n s ,   an  a c y l s u l f o n -  

a m i d o   c o n t a i n i n g   14  c a r b o n s t   an  a r y l   g r o u p  

c o n t a i n i n g   6  c a r b o n s   and   s u b s t i t u t e d   by  2 

c h l o r o s ;   and   an  a r y l   g r o u p   c o n t a i n i n g   6  c a r -  

b o n s   and  s u b s t i t u t e d   by  one  c h l o r o   and  o n e  

a m i n o ;  

(VI)   a  c y c l o a l k y l   c o n t a i n i n g   10  c a r -  

b o n s ;  



( V I ) - ( l )   a  c y c l o a l k y l   c o n t a i n i n g   5 

c a r b o n s   and   s u b s t i t u t e d   by  c a r b o x y   o r  

e t h o x y c a r b o n y l ;   a n d  

(X)  an  a l k e n y l   g r o u p   c o n t a i n i n g   2 

c a r b o n s   and   s u b s t i t u t e d   by  a  member   s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f   c a r b o x y ,   c a r -  

b o x y p h e n y l ,   e t h o x y c a r b o n y l ,   u r e i d o c a r b o n y l ,  

a c y l s u l f o n a m i d o ,   and   4 - c a r b o x y p h e n y l .  

R4  i s   h y d r o g e n ;  
R5  is   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   n - b u t y l ;  

( I I ) ( q )   e t h y l   s u b s t i t u t e d   by  a r a l k o x y -  

c a r b o n y l   w h e r e i n   t h e   a r a l k o x y   c o n t a i n s   7 

c a r b o n s ;   a n d  

( I I ) ( z )   b u t y l   s u b s t i t u t e d   by  a r a l k y l o x y -  

c a r b o n y l a m i n o   w h e r e i n   t h e   a r a l k y l   g r o u p   c o n -  

t a i n s  7   c a r b o n s ;  

A  i s   as  d e f i n e d   a b o v e ;   a n d  

n  = 1 .  

4.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1  s e l e c -  

t e d   f r o m  t h e   g r o u p   c o n s i s t i n g   o f :  

1)  3 S ( o r R ) - P h e n y l m e t h o x y c a r b o n y l - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  



2)  3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e ;  

3)  3 ( R S ) - [ ( 4 - ( E t h o x y c a r b o n y l ) p h e n y l ) a m i n o c a r -  

b o n y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i -  

f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

4)  3 ( R S ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

5)  3 ( R S ) - [ ( 4 - P h e n y l b u t y l ) c a r b o n y l ] - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e ;  

6)  3 ( R S ) - 2 [ 2 - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d a c - 1 - y l ) -  

e t h o x y c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 4 - m e t h y l -  

1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

7)  3 ( R S ) - [ ( 4 - M e t h o x y p h e n y l ) c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r a - 2 - o x o p e n t -  

y l ) ] - L - p r o l i n a m i d e ;  

8)  3 ( R S ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L -  

l y s y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  



9)  3 ( R S ) - [ ( P h e n y l m e t h o x y ) c a r b o n y l ] - L - p h e n y l a l a -  

n y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e ;  

10)  3 ( R S ) - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] - L -  

n o r l e u c y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i -  

f l u o r o - 2 - o x o p e n - t y l ) ] - L - p r o l i n a m i d e ;  

11)  3 ( R S ) - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - L - n o r l e u -  

c y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o -  

2 - o x o p e n t y l ) 1 - L - p r o l i n a m i d e ;  

12)  3 ( R S ) - [ ( P h e n y l m e t h o x y ) e a r b o n y l ] - L - a l p h a - g l u -  

t a m y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e   p h e n y l m e t h y l  

e s t e r ;  

13)  3 ( R S ) - N 2 - [ 2 - ( M e t h o x y c a r b o n y l ) e t h y l c a r b o n y l ] -  

N 6 - [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - L - v a l -  

y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e ;  

14)  3 ( R S ) - N 2 - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - N 6 -  

[ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - L - v a l y l - N -  

( 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o g e n t y l ) ] -  

L - p r o l i n a m i d e ;  

15)  3 S ( o r R ) - N 2 , N 6 - D i [ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L -  

l y s y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



16)  3 ( R S ) - ( 1 - N a p h t h y l c a r b o n y l ) - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

17)  3 ( R S ) - [ 4 - ( M e t h y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l -  

a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

18)  3 ( R S ) - [ 2 - ( 4 - M o r p h o l i n y l ) e t h o x y c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

19)  3 ( R S ) - [ ( 2 , 4 - D i c h l o r o p h e n y l ) c a r b o n y l ) ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

20)  3 ( R S ) - P h e n o x y c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

21)  3 ( R S ) - [ 2 - ( 2 - P y r i d y l ) e t h o x y c a r b o n y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e ;  

22)  3 ( R S ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l -  

a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



23)  3 ( R S ) - [ 2 - ( 3 - T h i o p h e n y l ) e t h o x y c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

24)  3 ( R S ) - ( P h e n y l m e t h o x y c a r b o n y l ) - L - a - a m i n o b u t -  

y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

25)  3 ( R S ) - ( P h e n o x y c a r b o n y l ) - L - @ - a m i n o b u t y r y l - N -  

[ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e ;  

26 )   3 ( R S ) - N 2 - ( 1 , 1 - D i m e t h y l e t h o x y c a r b o n y l ) - N 6 -  

p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e  ;  

27)  3 ( R S ) - [ 2 - ( T r i c y l o [ 3 . 3 . 1 . 1 3 , 7 ] - d e c - 1 - y l ) e t h -  

o x y c a r b o n y l ] - L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

28)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

29)  3 ( R S ) - N 6 - P h e n y l m e t h o x y c a r b o n y l - N 2 - p h e n y l s u l -  

f o n y l - L - l y s y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



30)  3 ( R S ) - [ Z - ( 4 - A m i n o c a r b o n y l a m i n o - 1 , 4 - d i o x o - 2 -  

b u t e n y l ) ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

31)  3 ( R S ) - P h e n y l a m i n o c a r b o n y l - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

32)  3 ( R S ) - [ [ 4 - [ ( 1 - N a p h t h y l s u l f o n y l ) a m i n o c a r b o n y l ]  

p h e n y l ] a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

33)  3 ( R S ) - N 2 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r -  

b o n y l - N   6 - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

34)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

35)  3 ( R S ) - ( T r i c y c l o [ 3 . 3 . 1 . 1 3 , 7 ] d e c - 1 - y l ) s u l f o n y l -  

L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

36)  3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y l ) c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  



37)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n -  

y l - L - p h e n y l a l a n y l - N - [ 3 - 1 , 1 , 1 - t r i f l u o r o - 4 -  

m a t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

38)  3 ( R S ) - ( 4 - M e t h o x y c a r b o n y l p h e n y L ) m e t h o x y c a r -  

b o n y l - L - v a l y l - N - ( 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

39)  3 ( R S ) - [ E - 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o -  

p r o p - 2 - e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - t - p r o l i n a m i d e ;  

40)  3 ( R S ) - ( 2 - E t h o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

41)  3 ( R S ) - 4 - [ ( 4 - N i t r o p h e n y l ) s u l f o n y l a m i n o c a r b o n -  

y l ] p h e n y l c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

42)  3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - g l u t a m y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e   p h e n y l m e t h y l   e s t e r ;  

43)  3 S ( o r   R ) - ( T r i c y c l o [ 3 , 3 , 1 , 1 3 , 7 ] d e c - 1 - y l ) s u l -  

f o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e :  



44)  3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - [ 5 - ( p h e n y l s u l -  

f o n y L a m i n o ) g l u t a m y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

45)  3 ( R S ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n -  

y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

46)  3 ( R S ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

47)  3 ( R S ) - 4 - ( 1 - N a p h t h y l s u l f o n y l a m i n o ) - 1 , 4 - d i o x o -  

b u t y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

48)  3 ( R S ) - [ 2 - ( 4 - A m i n o c a r b o n y l p h e n o x y ) - 1 - o x o e t h -  

y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

49)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) m e t h o x y c a r -  

b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

50)  3 ( R S ) - [ 4 - [ 4 - ( 2 - A m i n o - 2 - o x o e t h y l ) p h e n o x y ] - 1 -  

o x o b u t y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



51)  3 ( R S ) - E - [ 3 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) - 1 - o x o -  

p r o p - 2 - e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

52)  3 ( R S ) - [ 2 - ( 4 - E t h o x y c a r b o n y l p h e n o x y ) - 1 - o x o -  

e t h y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

53)  3 ( R S ) - [ 3 - ( 4 - E t h o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o -  

p y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

54)  3 ( R S ) - 4 - H y d r o x y b e n z o y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

55)  3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

56)  3 ( R S ) - [ 3 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o -  

p y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) J - L - p r o l i n a m i d e ;  

57)  3 ( R S ) - [ 3 - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l ] - 1 - o x o p r o p y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  



58)  3 ( R S ) - E - [ 3 - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l ] - 1 - o x o p r o p - 2 - e n y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e ;  

59)  3 ( R S ) - [ 1 - [ 4 - [ [ ( 4 - B r o m o p h e n y l ) s u l f o n y l ] [ p h e n -  

y l m e t h y l ] a m i n o c a r b o n y l ] p h e n y l ] - 1 - o x o m e t h y l ] -  

L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 -  

o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

60)  3 R ( o r S ) - ( T r i c y c l o [ 3 . 3 . 1 . 1  3 , 7 ] d e c - 1 - y l ) s u l -  

f o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

61)   3 S ( o r R ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) -  

p h e n y l a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

62)  3 S ( o r   R ) - P h e n y l m e t h o x y c a r b o n y l - L - p h e n y l g l y -  

c y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e ;  

63)  3 S ( o r   R ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

64)  3 5 ( o r   R ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 -  



( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

65)  3 S ( o r   R ) - P h e n y l m e t h o x y c a r b o n y l - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

66)  3 S ( o r   R ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

67)  3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

68)  3 ( R S ) - N 2 , N 6 - D i ( p h e n y l m e t h o x y c a r b o n y l ) - L -  

l y s y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

69)  3 ( R S ) - ( 1 , 4 - D i o x o - 4 - ( p h e n y l s u l f o n y l a m i n o ) b u t -  

y l ] - L - l e u c y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

70)  3 ( R S ) - [ 4 - ( M e t h y l s u l f o n y l a m i n o ) - 1 , 4 - d i o x o -  

b u t y l ] - L - l e u c y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e  

71)  3 ( R S ) - N 2 - [ 1 , 4 - D i o x o - 4 - ( p h e n y l s u l f o n y l a m i n o ) -  

b u t y l ] - N 6 - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - L -  



v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;   a n d  

72)  3 ( R S ) - [ 1 , 4 - D i o x o - 4 - [ ( t r i c y c l o [ 3 , 3 , 1 , 1 3 , 7  ) d e c -  

1 - y l ) s u l f o n y l a m i n o ] b u t y l ] - L - l e u c y l - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e .  

5.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   4 

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

1)  3 ( R S ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

2)  3 ( R S ) - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - L - n o r l e u -  

c y l - L - v a l y l - N - [ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

3)  3 ( R S ) - N 2 - [ ( 2 - C a r b o x y e t h y l ) c a r b o n y l ] - N 6 -  

[ ( p h e n y l m e t h o x y ) c a r b o n y l ] - L - l y s y l - L - v a l y l - N -  

[ 3 - ( 4 - m e t h y l - 1 , 1 , 1 - t r i f l u o r o - 2 - o x o p e n t y l ) ] -  

L - p r o l i n a m i d e ;  

4)  3 ( R S ) - [ 4 - ( M e t h y l s u l f o n y l a m i n o c a r b o n y l ) p l i e n y l -  

a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



5)  3 ( R S ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n y l -  

a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

6)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n y l -  

L - @ - a m i n o b u t y r y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

7)  3 ( R S ) - [ Z - ( 4 - A m i n o c a r b o n y l a m i n o - 1 , 4 - d i o x o - 2 -  

b u t e n y l ) ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

8)  3 ( R S ) - [ [ 4 - [ ( 1 - N a p h t h y l s u l f o n y l ) a m i n o c a r b o n y l ]  

p h e n y l l a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

9)  3 ( R S ) - N 2 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r -  

b o n y l - N  - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

10)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) c a r b o n y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

11)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) a m i n o c a r b o n -  

y l - L - p h e n y l a l a n y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 -  

m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



12)  3 ( R S ) - 4 - [ ( 4 - N i t r o p h e n y l ) s u l f o n y l a m i n o c a r b o n -  

y l ] p h e n y l c a r b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

13)  3 ( R S ) - P h e n y l m e t h o x y c a r b o n y l - L - [ 5 - ( p h e n y l s u l -  

f o n y l a m i n o ) g l u t a m y l ] - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

14)   3 ( R S ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) p h e n -  

y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

15)  3 ( R S ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) J - L - p r o l i n -  

a m i d e ;  

16)  3 ( R S ) - 4 - ( 1 - N a p h t h y l s u l f o n y l a m i n o ) - 1 , 4 - d i o x o -  

b u t y l - L - v a l y l - N - [ 3 - ( l , l , l - t r i f l u o r o - 4 - m e t h -  

y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

17)  3 ( R S ) - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) m e t h o x y c a r -  

b o n y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

18)  3 ( R S ) - E - [ 3 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) - 1 - o x o -  

p r o p - 2 - e n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  



19)  3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

20)  3 ( R S ) - [ 3 - ( 4 - H y d r o x y c a r b o n y l p h e n y l ) - 1 - o x o p r o -  

p y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l -  

2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

21)  3 ( R S ) - [ 3 - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l ] - 1 - o x o p r o p y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

22)   3 ( R S ) - E - [ 3 - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l ] - 1 - o x o p r o p - 2 - e n y l ] - L - v a l y l -  

N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n -  

t y l ) ] - L - p r o l i n a m i d e ;  

23)  3 S ( o r R ) - [ 4 - ( P h e n y l s u l f o n y l a m i n o c a r b o n y l ) -  

p h e n y l a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

24)  3 S ( o r   R ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  



25)  3 S ( o r   R ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e ;  

26)  3 S ( o r   R ) - [ ( 4 - C a r b o x y p h e n y l ) a m i n o c a r b o n y l ] - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e ;  

27)  3 ( R S ) - [ 1 , 4 - D i o x o - 4 - ( p h e n y l s u l f o n y l a m i n o ) b u t -  

y l ] - L - l e u c y l - L - v a l y l - N - [ 3 - ( l , l , l - t r i f l u o r o -  

4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

28)  3 ( R S ) - [ 4 - ( M e t h y l s u l f o n y l a m i n o ) - 1 , 4 - d i o x o -  

b u t y l ] - L - l e u c y l - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i -  

f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n a m i d e ;  

a n d  

29)  3 ( R S ) - N 2 - [ 1 , 4 - D i o x o - 4 - ( p h e n y l s u l f o n y l a m i n o ) .  

b u t y l ] - N 6 - p h e n y l m e t h o x y c a r b o n y l - L - l y s y l - L -  

v a l y l - N - [ 3 - ( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o -  

p e n t y l ) ] - L - p r o l i n a m i d e .  

6.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   5 

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

1)  3 ( R S ) - [ [ 4 - [ ( 1 - N a p h t h y l s u l f o n y l ) a m i n o c a r b o n y l ]  

p h e n y l ] a m i n o c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  



2)  3 ( R S ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

3)  3 ( R S ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o c a r -  

b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;  

4)  3 S ( o r   R ) - [ 4 - [ ( 4 - B r o m o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 - ( 1 , 1 , 1 -  

t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L - p r o l i n -  

a m i d e ;   a n d  

5)  3 S ( o r   R ) - [ 4 - [ ( 4 - C h l o r o p h e n y l ) s u l f o n y l a m i n o -  

c a r b o n y l ] p h e n y l c a r b o n y l ] - L - v a l y l - N - [ 3 -  

( 1 , 1 , 1 - t r i f l u o r o - 4 - m e t h y l - 2 - o x o p e n t y l ) ] - L -  

p r o l i n a m i d e .  

7.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1 

w h e r e i n   s a i d   a c i d   a d d i t i o n   s a l t   i s   one   f o r m e d   w i t h  

h y d r o c h l o r i c ,   h y d r o b r o m i c ,   s u l f u r i c ,   n i t r i c ,   c i t r i c ,  

m a l e i c ,   f u m a r i c   or   a c e t i c   a c i d .  

8.  A  c o m p o u n d   as  c l a i m e d   in   C l a i m   1 

w h e r e i n   s a i d   b a s e   a d d i t i o n   s a l t   i s   one  f o r m e d   w i t h   a n  

a l k a l i   m e t a l   h y d r o x i d e ,   a l k a l i   m e t a l   c a r b o n a t e ,   a l k a l i  

m e t a l   b i c a r b o n a t e ,   a l k a l i n e   e a r t h   h y d r o x i d e   or  a n  

o r g a n i c   a m i n e   s a l t .  



9.  A  p r o c e s s   f o r   p r o d u c i n g   t h e   c o m p o u n d s  

as  c l a i m e d   in   any  one   o f   C l a i m s   1  t h r o u g h   8  c o m p r i s i n g  

o x i d i z i n g   a  c o m p o u n d   of   f o r m u l a   V I I a ,   V I I b   or   V I I c  



to   f o r m   a  f i r s t   c o m p o u n d   o f   f o r m u l a   I a ,   Ib  or   I c .  

10.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   9  w h i c h  

c o m p r i s e s   an  o x i d a t i o n   u s i n g   a  m e m b e r   s e l e c t e d   f r o m   a  

g r o u p   c o n s i s t i n g   of   t h e   f o l l o w i n g :  

(a)   o x a l y l c h l o r i d e ,   d i m e t h y l   s u l f o x i d e ,   a n d  

a  t e r t i a r y   a m i n e   in   m e t h y l e n e   c h l o r i d e ;  

(b)  a c e t i c   a n h y d r i d e   and   d i m e t h y l   s u l f -  

o x i d e ;  

(c)   c h r o m i u m   t r i o x i d e - p y r i d i n e   c o m p l e x   i n  

m e t h y l e n e   c h l o r i d e ;   a n d  

(d)  D e a s - M a r t i n   p e r i o d i n a n e   in   m e t h y l e n e  

c h l o r i d e .  

11.  A  p r o c e s s   as  c l a i m e d   i n   C l a i m   1 0  

w h e r e i n   s a i d   o x i d a t i o n   c o m p r i s e s   u s i n g   D e s s - M a r t i n  

p e r i o d i n a n e   in   m e t h y l e n e   c h l o r i d e .  

12.  The  p r o c e s s   o f   C l a i m   9  f u r t h e r   c o m -  

p r i s i n g   f o r m i n g   a  s e c o n d   c o m p o u n d   of   f o r m u l a   I a ,   I b ,  

o r   Ic   c o n t a i n i n g   a  c a r b o x y   g r o u p   in   R2,  R3,  or   R5  f r o m  

s a i d   f i r s t   c o m p o u n d   o f   f o r m u l a   I a ,   I b ,   o r   I c ,   r e s p e c -  

t i v e l y ,   w h e r e i n   s a i d   f i r s t   c o m p o u n d   c o n t a i n s   a  c a r -  

b o x y l i c   a c i d   e s t e r   g r o u p   i n   R2,  R3  or   R5,  w h e r e i n   s a i d  

m e t h o d   c o m p r i s e s   c o n v e r t i n g   s a i d   c a r b o x y l i c   a c i d   e s t e r  

g r o u p   i n t o   t h e   c o r r e s p o n d i n g   c a r b o x y   g r o u p .  

13,  A  p r o c e s s   as  c l a i m e d   in   C l a i m   12  w h i c h  

c o m p r i s e s   c o n v e r t i n g   s a i d   c a r b o x y l i c   a c i d   e s t e r   g r o u p  
i n t o   t h e   c o r r e s p o n d i n g   c a r b o x y   g r o u p   by  h y d r o l y s i s .  



14.   The  p r o c e s s   of   C l a i m  9   o r   C l a i m   1 2  

f u r t h e r   c o m p r i s i n g   f o r m i n g   a  t h i r d   c o m p o u n d   o f   f o r m u l a  

I a ,   Ib  or   I c   c o n t a i n i n g   a  s u l f o n y l a m i n o c a r b o n y l   g r o u p  
i n   R2,  R3  o r   R5  f r o m   s a i d   f i r s t   or   s a i d   s e c o n d   c o m -  

p o u n d   o f   f o r m u l a   l a ,   Ib  o r   I c ,   r e s p e c t i v e l y ,   w h e r e i n  

s a i d   f i r s t   o r   s a i d   s e c o n d   c o m p o u n d   c o n t a i n s   a  c a r b o x y  

g r o u p   i n   R2,   R3,  o r   R5  by  c o u p l i n g   s a i d   c a r b o x y   g r o u p  
w i t h   t h e   a m i n o   g r o u p   o f   a  s u l f o n a m i d e .  

15 .   A  p r o c e s s   as   c l a i m e d   i n   C l a i m   14  w h i c h  

c o m p r i s e s   a  c o u p l i n g   m e t h o d   s e l e c t e d   f r o m   u s i n g   a  

m e m b e r   o f   a  g r o u p   c o n s i s t i n g   o f   t h e   f o l l o w i n g :  

( a )   I - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o -  

d i i m i d e   h y d r o c h l o r i d e   and   4 - d i m e t h y l a m i n o p y r i d i n e   i n  

m e t h y l e n e   c h l o r i d e ;   a n d  

(b)   1 , 3 - d i c y c l o h e x y l c a r b o d i i m i d e   a n d   4 -  

d i m e t h y l a m i n o p y r i d i n e   in   m e t h y l e n e   c h l o r i d e .  

16 .   A  p h a r m a c e u t i c a l   c o m p o s i t i o n  

c o m p r i s i n g   a  c o m p o u n d   o f   C l a i m   1 or a salt thereof, in  a s s o c i a t i o n  w i t h  

a  n o n - t o x i c   p h a r m a c e u t i c a l l y - a c c e p t a b l e   d i l u e n t   o r  

c a r r i e r .  

17.  A  compound  of  the  formula  IVa,  IVb  or  IVc 



where in   R1,  R2,  R4,  R5,  R6  and  n  have  any  of  the  meanings  d e f i n e d   i n  

Claim  1 .  



claims for designated 

S t a t e  A T  

What   i s   c l a i m e d   i s :  

1.  A  p r o c e s s   f o r   p r o d u c i n g   a  c o m p o u n d   o f  
f o r m u l a   I a ,   Ib  or   I c  



w h e r e i n  
R1  i s   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n   a t o m s ,   and  more   p r e f e r a b l y   f r o m   2  to   5  c a r b o n s ;  
R2  and  R5  a r e   e a c h   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  10  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f rom  1 

to  6  c a r b o n   a t o m s   s u b s t i t u t e d   by  a t   l e a s t  

one  m e m b e r   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t -  

i n g   o f :  

(a)   h y d r o x y ;  

(b)  a m i n o ;  

(c)   a l k y l a m i n o   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

(d)  d i a l k y l a m i n o   w h e r e i n   e a c h  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or  12  c a r b o n s ;  

(g)  a r a l k a n o y l • c o n t a i n i n g   8  to   1 3  

c a r b o n s ;  

(h)   a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen  or   c a r b o n   of  s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  



( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

(k)  a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  12  

c a r b o n s ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  1 3  

c a r b o n s ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(n)  a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  1 3  

c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  12  c a r -  

b o n s ;  

(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6,  10  or  12  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to  14  c a r b o n s ;  



(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6  c a r -  

b o n s ;  

(v)  a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  12  c a r -  

b o n s ;  

(x)  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n -  

y l )   i n c l u d i n g   a c y l s u l f o n a m i d o   w h e r e i n  

t h e   a c y l   g r o u p   c o n t a i n s   1  to   7  c a r b o n s  

when  i t   i s   t h e   t e r m i n a l   p o r t i o n   of   t h e  

a c y l s u l f o n a m i d e   and  p r o v i d e d   t h a t   w h e n  

t h e   a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l  

t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d   b y  

a  member   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and   n i t r o ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   .1  to   6  c a r -  

b o n s ;  

(z)   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l  

a m i n o ) ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6,  10  or  1 2  

c a r b o n s ;  



( b b )   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   ( e . g . ,   p h e n y l ,   b i p h e n y l ,  

n a p h t h y l ) ;  

(dd)   a r y l   c o n t a i n i n g   6,  10  or   1 2  

c a r b o n s   and  s u b s t i t u t e d   by  1  to   3 

m e m b e r s   s e l e c t e d   f r o m   t h e   g r o u p   c o n -  

s i s t i n g   of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,  

t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  to  6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (1  to   6  c a r b o n s ) ,   c a r b o x y ,  

5 - t e t r a z o l o ,   and  a c y l s u f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r -  

b o n y l )   (1  to   15  c a r b o n s )   and   p r o v i d e d  

t h a t   when  t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  member   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and  n i t r o ;  

( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to  15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) .  

( f f )   a l k y l u r e i d o   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n s ;  

(gg)   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f rom  8  to  13  

c a r b o n s ;  

(hh)   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  or  12  c a r b o n s ;   a n d  



( I I I )   an  a r y l   g r o u p   of   6  c a r b o n s ,   e . g .  

p h e n y l .  

R3  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f :  

( I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s ;  

( I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s   and   f r o m   1  to  4  h e t e r o   a t o m s  

e a c h   of  w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   and   o x y g e n ;  

( I I I )   an  a l k y l   g r o u p   c o n t a i n i n g   f r o m   1 

to  12  c a r b o n s   a n d ,   o p t i o n a l l y ,   1  to  4  h e t e r o  

a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t -  

ly   f r o m   t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n   a n d  

o x y g e n ,   and   s u b s t i t u t e d   on  a t   l e a s t   one  o f  

c a r b o n   or   n i t r o g e n   by  1  to  3  m e m b e r s   s e l e c t -  

ed  i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

o f :  

For   c a r b o n :  

(a )   h y d r o x y ,   p r o v i d e d   t h a t   i t   m a y  
n o t   be  on  a  c a r b o n   d i r e c t l y   b o n d e d   t o  

A; 

(b)  a m i n o ,   p r o v i d e d   t h a t   i t   m a y  
n o t   be  on  a  c a r b o n   d i r e c t l y   b o n d e d   t o  

A; 

(c)   a l k y l a m i n o   c o n t a i n i n g   f rom  1 

to  6  c a r b o n s ,   p r o v i d e d   t h a t   i t   may  n o t  

be  on  a  c a r b o n   d i r e c t l y   b o n d e d   to  A;  

(d)  d i a l k y l a m i n o   w h e r e i n   e a c h  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 



c a r b o n s ,   p r o v i d e d   t h a t   i t   may  n o t   be  o n  

a  c a r b o n   d i r e c t l y   b o n d e d   to   A;  

(e)   a l k a n o y l   c o n t a i n i n g   f r o m   1  t o  

6  c a r b o n s ;  

( f )   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or  12  c a r b o n s ;  

(g)  a r a l k a n o y l   c o n t a i n i n g   8  to   1 3  

c a r b o n s ;  

(h)  a m i d o   w h i c h   may  be  a t t a c h e d  

to  t h e   a l k y l   g r o u p   v i a   e i t h e r   a  n i t r o -  

gen  or   c a r b o n   of   s a i d   a m i d o ;  

( i )   a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to  6 

c a r b o n s ;  

( j )   a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

(k)  a r y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  1 2  

c a r b o n s ;  

( k ) - ( l )   a r y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l   g r o u p   c o n t a i n s   6,  10  or   12  

c a r b o n s   and  i s   s u b s t i t u t e d   by  a  m e m b e r  

s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y c a r b o n y l ,  

w h e r e   a l k o x y   i s   1  to  3  c a r b o n s ,   5 -  

t e t r a z o l o ,   and  a c y l s u l f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and  s u l f o n y l a m i n o -  

c a r b o n y l )   c o n t a i n i n g   1  to  15  c a r b o n s  

and  p r o v i d e d   t h a t   when  t h e   a c y l s u l f o n -  

amido   c o n t a i n s   an  a r y l   t h e   a r y l   may  b e  



f u r t h e r   s u b s t i t u t e d   by  a  m e m b e r   s e l e c t -  

ed  f r o m   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   a n d  

n i t r o ;  

(1)  a r a l k y l c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

( l ) - ( l )   a r a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   7  t o  

13  c a r b o n s   and  i s   s u b s t i t u t e d   by  a  

member   s e l e c t e d   f r o m   c a r b o x y ,   a l k o x y -  

c a r b o n y l ,   w h e r e   t h e   a l k o x y   h a s   1  to   3 

c a r b o n s ,   5 - t e t r a z o l o ,   and   a c y l s u l f o n -  

a m i d o   ( i . e .   a c y l a m i n o s u l f o n y l   and  s u l -  

f o n y l a m i n o c a r b o n y l )   c o n t a i n i n g   1  to  15  

c a r b o n s   and  p r o v i d e d   t h a t   when   t h e  

a c y l s u l f o n a m i d o   c o n t a i n s   an  a r y l   t h e  

a r y l   may  be  f u r t h e r   s u b s t i t u t e d   by  a  

member   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and  n i t r o ;  

(m)  a r y l a m i n o c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(n)  a r a l k y l a m i n o c a r b o n y l   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   1 3  

c a r b o n s ;  

(o)  c a r b o x y ;  

(p)  a r y l o x y c a r b o n y l   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  12  c a r -  

b o n s ;  



(q)  a r a l k o x y c a r b o n y l   w h e r e i n   t h e  

a r a l k o x y   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s ;  

( r )   a l k a n o y l o x y   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ;  

( s )   a r o y l o x y   w h e r e i n   t h e   a r y l  

p o r t i o n   c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( t )   a r a l k a n o y l o x y   c o n t a i n i n g   f r o m  

8  to   13  c a r b o n s ;  

(u)  a l k y l s u l f o n a m i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( u ) - ( l )   c y c l o a l k y l s u l f o n a m i d o  

w h e r e i n   t h e   c y c l o a l k y l   p o r t i o n   c o n t a i n s  

3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ;  

(v)  a r a l k y l s u l f o n a m i d o   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

(w)  a r y l s u l f o n a m i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or   12  c a r -  

b o n s ;  

(x)  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n -  

y l )   (1  to  15  c a r b o n s )   i n c l u d i n g   a c y l -  

s u l f o n a m i d o   w h e r e i n   t h e   a c y l   g r o u p   c o n -  

t a i n s   1  to  7  c a r b o n s   when  i t   i s   t h e  

t e r m i n a l   p o r t i o n   of  t h e   a c y l s u l f o n a m i d e ,  

and  p r o v i d e d   t h a t   when  t h e   a c y l s u l f o n -  

a m i d o   c o n t a i n s   an  a r y l   t h e   a r y l   may  b e  



f u r t h e r   s u b s t i t u t e d   by  a  m e m b e r   s e l e c t -  

ed  f r o m   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o   a n d  

n i t r o ;  

(y)  a l k o x y c a r b o n y l   w h e r e i n   t h e  

a l k o x y   g r o u p   c o n t a i n s   f r o m   1  to  6  c a r -  

b o n s ;  

(z )   a r a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r a l k o x y   g r o u p   c o n t a i n s   f r o m   8  t o  

13  c a r b o n s   ( e . g . ,   b e n z y l o x y c a r b o n y l -  

a m i n o ) ;  

( z ) - ( l )   a r a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r a l k y l   g r o u p   c o n t a i n s   8  t o  

13  c a r b o n s ;  

( z ) - ( 2 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( z ) - ( 3 )   a r y l o x y   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s   and   i s  

s u b s t i t u t e d   by  a  member   s e l e c t e d   f r o m  

a m i n o c a r b o n y l ,   a m i n o c a r b o n y l a l k y l   w h e r e  

t h e   a l k y l   h a s   1  to   3  c a r b o n s ,   a l k o x y c a r -  

b o n y l   h a v i n g   1  to   3  c a r b o n s ,   and   c a r -  

b o x y ;  

( a a )   a r y l o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a r y l o x y   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s ;  

( a a ) - ( l )   a r y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  1 0  

or  12  c a r b o n s ;  



(bb)   a l k o x y c a r b o n y l a m i n o   w h e r e i n  

t h e   a l k y l o x y   g r o u p   c o n t a i n s   f r o m   1  to   6 

c a r b o n s ;  

( b b ) - ( l )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   and  i s   o p t i o n a l l y   b o n d e d   o n  
c a r b o n   to   a  c a r b o n   of   an  a r o m a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   in   ( g g )  

u n d e r   R 3 ;  

( b b ) - ( 2 )   a l k o x y c a r b o n y l a m i n o  

w h e r e i n   t h e   a l k o x y   g r o u p   c o n t a i n s   1  t o  

6  c a r b o n s   s u b s t i t u t e d   by  an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   as  d e s c r i b e d   in   ( f f )  

u n d e r   R 3 ;  

( b b ) - ( 3 )   a r y l o x y a l k y l c a r b o n y l a m i n o  

w h e r e i n   t h e   a r y l   c o n t a i n s   6  or   10  c a r -  

b o n s   and  t h e   a l k y l   has   1  to  6  c a r b o n s ;  

( b b ) - ( 4 )   a l k y l a m i n o c a r b o n y l o x y  

w h e r e i n   t h e   a l k y l   g r o u p   c o n t a i n s   1  to   6 

c a r b o n s ;  

( c c )   a r y l   c o n t a i n i n g   6,  10  or  1 2  

c a r b o n s   ( e . g . ,   p h e n y l ,   n a p h t h y l ,   b i -  

p h e n y l ) ;  

( c c ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s ;  

(dd)   a r y l   c o n t a i n i n g   6,  10  or  1 2  

c a r b o n s   and  s u b s t i t u t e d   by  1  to  3  mem-  

b e r s   i n d e p e n d e n t l y   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of  c h l o r o ,   b r o m o ,  



i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,  

a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6 

c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r -  

b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l   ( 2  

to  6  c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a -  

z o l o ,   and  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n -  

y l )   (1  to   15  c a r b o n s ) ,   and  p r o v i d e d  

t h a t   when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  member   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

( d d ) - ( l )   a r y l o x y   c o n t a i n i n g   6,  1 0  

or   12  c a r b o n s   and  s u b s t i t u t e d   on  c a r b o n  

by  1  to   3  m e m b e r s   i n d e p e n d e n t l y   s e l e c t -  

ed  f r o m   t h e   g r o u p   c o n s i s t i n g   of   c h l o r o ,  

b r o m o ,   i o d o ,   f l u o r o ,   h y d r o x y ,   t r i f l u o r o -  

m e t h y l ,   a l k y l   (1  to   6  c a r b o n s ) ,   a l k o x y  

(1  to   6  c a r b o n s ) ,   a l k o x y c a r b o n y l   (2  t o  

6  c a r b o n s ) ,   c a r b o x y ,   a m i n o c a r b o n y l a l k y l  

(2  to   6  c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 -  

t e t r a z o l o ,   a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and  s u l f o n y l a m i n o c a r b o n -  

y l )   (1  to  15  c a r b o n s )   and   p r o v i d e d   t h a t  

when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s   a n  

a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d  

by  a  member   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and  n i t r o ;  



( e e )   c y c l o a l k y l   c o n t a i n i n g   f r o m   3 

to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ;  

( e e ) - ( l )   c y c l o a l k y l o x y   c o n t a i n i n g  

f r o m   3  to  15  c a r b o n s ;  

( f f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   of   a t   l e a s t   4  a t o m s   c o n t a i n i n g  

f r o m   1  to   5  c a r b o n s   and   f r o m   1  to   4 

h e t e r o   a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f rom  t h e   g r o u p   c o n s i s t i n g  

of   n i t r o g e n   and  o x y g e n   ( e . g . ,   m o r p h o -  

l i n e ,   p i p e r a z i n e ) ,   w h e r e i n   t h e   a l i p h a t -  

i c   h e t e r o c y c l i c   g r o u p   may  o p t i o n a l l y  

c o n t a i n   1  or  2  d o u b l e   b o n d ( s ) ,   w h i c h  

a l i p h a t i c   h e t e r o c y c l i c   g r o u p   may  b e  

s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a n  

a l k y l   g r o u p   c o n t a i n i n g   f rom  1  to  6  c a r -  

b o n s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m  

1  to  6  c a r b o n s ,   an  a r y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s  

6,  10  or   12  c a r b o n   a t o m s ,   an  a r a l k y l -  

o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a r a l k y l  

g r o u p   c o n t a i n s   f r o m   7  to  13  c a r b o n s   o r  

an  a l k o x y c a r b o n y l   g r o u p   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r -  

b o n s ;  

( f f ) - ( l )   an  a l i p h a t i c   h e t e r o c y -  

c l i c   oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   t h e  

i s   b o n d e d   d i r e c t l y   to  a  c a r b o n   a t o m   o f  



t h e   a l i p h a t i c   h e t e r o c y c l i c   g r o u p   of   a t  

l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and  f r o m   1  to  4  h e t e r o   a t o m s  

e a c h   of   w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f r o m   t h e   g r o u p   c o n s i s t i n g   of   n i t r o g e n  

and  o x y g e n ,   ( e . g . ,   m o r p h o l i n e ,   p i p e r a -  

z i n e ) ,   w h e r e i n   t h e   a l i p h a t i c   h e t e r o c y -  

c l i c   g r o u p   may  o p t i o n a l l y   c o n t a i n   1  o r  

2  d o u b l e   b o n d ( s ) ,   w h i c h   a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   may  be  s u b s t i t u t e d  

a t   any  n i t r o g e n   w i t h   an  a l k y l   g r o u p  

c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,   a n  

a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6 

c a r b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  1 0  

or   12  c a r b o n s ,   an  a r a l k y l o x y c a r b o n y l  

g r o u p   w h e r e i n   t h e   a r a l k y l   g r o u p   c o n -  

t a i n s   f r o m   7  to   13  c a r b o n s   or   an  a l k -  

o x y c a r b o n y l   g r o u p   w h e r e i n   t h e   a l k y l  

g r o u p   c o n t a i n s   f rom  1  to  6  c a r b o n s ;  

(gg)   an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   c o n t a i n i n g   (1)  f r o m   1  to   15  c a r -  

b o n s   and  f r o m   1  to  4  h e t e r o a t o m s   e a c h  

of  w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y  

f rom  t h e   g r o u p   c o n s i s t i n g   of   s u l f u r ,  

n i t r o g e n   and  o x y g e n   and  (2)  f rom  1  to  3 

f i v e   or   s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h   i s   a r o m a t i c ,   and  o p t i o n a l l y ,  

w h e r e i n   up  to   3  c a r b o n s   of   t h e   a r o m a t i c  



r i n g ( s )   may  be  s u b s t i t u t e d   w i t h   a  m e m -  

b e r   of   t h e   g r o u p   c o n s i s t i n g   of   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o m e t h y l ,  

a l k y l   c o n t a i n i n g   f r o m   1  to   6  c a r b o n s ,  

a l k o x y   c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,  

a l k a n o y l   c o n t a i n i n g   f r o m   2  to   6  c a r b o n s ,  

c a r b o x y ,   a m i n o c a r b o n y l a l k y l   (2  to   6 

c a r b o n s )   and   a m i n o c a r b o n y l ,   and   p r o -  
v i d e d   f u r t h e r   t h a t   any  n i t r o g e n   a t o m  

may  be  s u b s t i t u t e d   by  an  a l k y l   g r o u p  

c o n t a i n i n g   f r o m   1  to   6  c a r b o n   a t o m s ;  

( g g ) - ( l )   an  a r o m a t i c   h e t e r o c y c l i c  

oxy  g r o u p   w h e r e i n   t h e   oxy  l i n k   i s   b o n d e d  

d i r e c t l y   to   a  c a r b o n   of   an  a r o m a t i c  

h e t e r o c y c l i c   g r o u p   c o n t a i n i n g   (1)  f r o m  

1  to  15  c a r b o n s   and   f r o m   1  to   4  h e t e r o -  

a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d   i n d e -  

p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

s u l f u r ,   n i t r o g e n   and  o x y g e n   and  ( 2 )  

f r o m   1  to  3  f i v e   or   s i x - m e m b e r e d   r i n g s  

a t   l e a s t   one  of  w h i c h   i s   a r o m a t i c ,   a n d  

o p t i o n a l l y ,   w h e r e i n   up  to  3  c a r b o n s   o f  

t h e   a r o m a t i c   r i n g ( s )   may  be  s u b s t i t u t e d  

w i t h   a  member   of   t h e   g r o u p   c o n s i s t i n g  

of  f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i -  

f l u o r o m e t h y l ,   a l k y l   c o n t a i n i n g   f r o m   1 

to  6  c a r b o n s ,   a l k o x y   c o n t a i n i n g   f rom  1 

to  6  c a r b o n s ,   a l k a n o y l   c o n t a i n i n g   f r o m  

2  to  6  c a r b o n s ,   c a r b o x y ,   a m i n o c a r b o n y l -  



a l k y l   (2  to  6  c a r b o n s )   and  a m i n o c a r b o n -  

y l ,   and  p r o v i d e d   f u r t h e r   t h a t   a n y  

n i t r o g e n   a t o m   may  be  s u b s t i t u t e d   by  a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r -  

b o n s ;  

(hh)   a l k y l u r e i d o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   f r o m   1  to   6  c a r b o n  

a t o m s ;  

( h h ) - ( l )   c y c l o a l k y l u r e i d o   w h e r e i n  

t h e   a l k y l   g r o u p   c o n t a i n s   3  to   15  c a r -  

b o n s ;  

( i i )   a r a l k y l u r e i d o   w h e r e i n   t h e  

a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to  13  

c a r b o n s ;  

( j j )   a r y l u r e i d o   w h e r e i n   t h e   a r y l  

g r o u p   c o n t a i n s   6,  10  or   12  c a r b o n s ;  

( j j ) - ( l )   a r y l u r e i d o   w h e r e i n   t h e  

a r y l   g r o u p   c o n t a i n s   6,  10  or  12  c a r b o n s  

and  i s   s u b s t i t u t e d   by  1  to   3  m e m b e r s  

s e l e c t e d   i n d e p e n d e n t l y   f rom  t h e   g r o u p  

c o n s i s t i n g   o f   c h l o r o ,   b r o m o ,   i o d o ,  

f l u o r o ,   h y d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l  

(1  to   6  c a r b o n s ) ,   a l k o x y   (1  to   6  c a r -  

b o n s ) ,   a l k o x y c a r b o n y l   (2  to   6  c a r b o n s ) ,  

c a r b o x y ,   a m i n o c a r b o n y l a l k y l   (2  to  6 

c a r b o n s ) ,   a m i n o c a r b o n y l ,   5 - t e t r a z o l o ,  

and  a c y l s u l f o n a m i d o   ( i . e .   a c y l a m i n o s u l -  

f o n y l   and  s u l f o n y l a m i n o c a r b o n y l )   (1  t o  

15  c a r b o n s )   i n c l u d i n g   a c y l s u l f o n a m i d o  



w h e r e i n   t h e   a c y l   g r o u p   c o n t a i n s   1  to   7 

c a r b o n s   when   i t   i s   t h e   t e r m i n a l   p o r t i o n  

of  t h e   a c y l s u l f o n a m i d e   and  p r o v i d e d  

t h a t   when  t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  m e m b e r   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and   n i t r o ;  

For   n i t r o g e n :  

(a)   a l k y l   of   1  to   3  c a r b o n s ;  

(b)  a l k a n o y l   c o n t a i n i n g   f r o m   2  t o  

6  c a r b o n   a t o m s ;  

(c)   a r y l c a r b o n y l   w h e r e i n   t h e   a r y l  

c o n t a i n s   6,  10  or   12  c a r b o n s ;  

(d)  a r a l k a n o y l   c o n t a i n i n g   8  to   14 

c a r b o n s ;  

(e)   f o r m y l ;  

( f )   an  a l i p h a t i c   h e t e r o c y c l i c  

g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s   b o n d e d  

d i r e c t l y   to   a  c a r b o n   of   an  a l i p h a t i c  

h e t e r o c y c l i c   g r o u p   d e f i n e d   in   ( f f )   f o r  

t he   c a r b o n   s u b s t i t u e n t s ;  

(g)  an  a r o m a t i c   h e t e r o c y c l i c  

g r o u p   w h e r e i n   t h e   a m i n o   l i n k   i s   b o n d e d  

d i r e c t l y   to   a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l i c   g r o u p   d e f i n e d   in   (gg)   f o r  

t h e   c a r b o n   s u b s t i t u e n t s .  

(IV)  an  a r y l   g r o u p   c o n t a i n i n g   6,  10  o r  
12  c a r b o n s ;  



(V)  an  a r y l   g r o u p   c o n t a i n i n g   6,  10  o r  

12  c a r b o n s   s u i t a b l y   s u b s t i t u t e d   by  1  to   3 

m e m b e r s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   f l u o r o ,   c h l o r o ,   b r o m o ,  

i o d o ,   t r i f l u o r o m e t h y l ,   h y d r o x y ,   a l k y l   c o n -  

t a i n i n g   f r o m   1  to  6  c a r b o n s ,   a l k o x y   c o n -  

t a i n i n g   f r o m   1  to   6  c a r b o n s ,   a l k o x y c a r -  

b o n y l   c o n t a i n i n g   f r o m   2  to   6  c a r b o n s ,  

c a r b o x y ,   a l k y l c a r b o n y l a m i n o   w h e r e i n   t h e  

a l k y l   g r o u p   c o n t a i n s   1  to   6  c a r b o n s ,   5 -  

t e t r a z o l o ,   and  a c y l s u l f o n a m i d o   ( i . e .   a c y l -  

a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r b o n y l )  

c o n t a i n i n g   f r o m   1  to   15  c a r b o n s ,   and   p r o v i d -  

ed  t h a t   when   t h e   a c y l s u l f o n a m i d o   c o n t a i n s   a n  

a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i t u t e d   b y  

a  member   s e l e c t e d   f r o m   f l u o r o ,   c h l o r o ,  

b r o m o ,   i o d o   and  n i t r o ;  

(VI)   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g   f r o m  

3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a m a n t y l ,  

n o r b o r n y l ) ;  

( V I ) - ( l )   a  c y c l o a l k y l   g r o u p   c o n t a i n i n g  

f r o m   3  to   15  c a r b o n s   ( e . g . ,   c y c l o h e x y l ,   a d a -  

m a n t y l ,   n o r b o r n y l ) ,   s u b s t i t u t e d   by  a  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   c a r -  

b o x y   and  a l k o x y c a r b o n y l   w h e r e i n   t h e   a l k o x y  

g r o u p   c o n t a i n s   1  to  4  c a r b o n s ;  

( V I I )   an  a l i p h a t i c   h e t e r o c y c l i c   g r o u p   o f  

a t   l e a s t   5  a t o m s   c o n t a i n i n g   f r o m   1  to   5 

c a r b o n s   and  f r o m   1  to  4  h e t e r o   a t o m s   each   o f  



w h i c h   i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   n i t r o g e n   and  o x y g e n ,  

( e . g . ,   m o r p h o l i n e ,   p i p e r a z i n e )   w h i c h   may  b e  

s u b s t i t u t e d   a t   any  n i t r o g e n   w i t h   a  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   a n  

a l k y l   g r o u p   c o n t a i n i n g   f r o m   1  to   6  c a r b o n  

a t o m s ,   an  a l k a n o y l   g r o u p   c o n t a i n i n g   f r o m   1 

to   6  c a r b o n s ,   an  a r y l o x y c a r b o n y l   g r o u p  
w h e r e i n   t h e   a r y l   g r o u p   c o n t a i n s   6,  10  or   1 2  

c a r b o n s ,   an  a r a l k o x y c a r b o n y l   g r o u p   w h e r e i n  

t h e   a r a l k y l   g r o u p   c o n t a i n s   f r o m   7  to   13  

c a r b o n s   and   an  a l k o x y c a r b o n y l   g r o u p   c o n t a i n -  

i n g   f r o m   2  to   7  c a r b o n s ,   p r o v i d e d   t h a t   w h e n  

A  i s   OCO  or   NHCO  t h e n   A  m u s t   be  b o n d e d   to   a  

c a r b o n   a t o m   of  t h e   a l i p h a t i c   h e t e r o c y c l i c  

g r o u p ;  
( V I I I )   an  a r o m a t i c   h e t e r o c y c l i c   g r o u p  

c o n t a i n i n g   (a)   f r o m   1  to  15  c a r b o n s   and  f r o m  

1  to  4  h e t e r o a t o m s   e a c h   of   w h i c h   i s   s e l e c t e d  

i n d e p e n d e n t l y   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

s u l f u r ,   n i t r o g e n   and  o x y g e n ,   and  (b)   f r o m   1 

to  3  f i v e   or   s i x - m e m b e r e d   r i n g s   a t   l e a s t   o n e  

of   w h i c h   i s   a r o m a t i c ,   and  o p t i o n a l l y ,  

w h e r e i n   up  to   3  c a r b o n s   of   t h e   a r o m a t i c  

r i n g ( s )   may  be  s u b s t i t u t e d   a t   any  c a r b o n  

a tom  w i t h   a  member   of  t h e   g r o u p   c o n s i s t i n g  

of   f l u o r o ,   c h l o r o ,   b r o m o ,   i o d o ,   t r i f l u o r o -  

m e t h y l ,   a l k y l   c o n t a i n i n g   f rom  1  to  6  c a r -  

b o n s ,   a l k o x y   c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,  



a l k a n o y l   c o n t a i n i n g   f r o m   2  to   6  c a r b o n s ,  

c a r b o x y ,   and  p r o v i d e d   f u r t h e r   t h a t   a n y  

n i t r o g e n   may  be  s u b s t i t u t e d   by  an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m   1  to  6  c a r b o n s ,  

p r o v i d e d   t h a t   when   A  i s   OCO  or  NHCO  t h e n   A 

m u s t   be  b o n d e d   to  a  c a r b o n   of   t h e   a r o m a t i c  

h e t e r o c y c l e ;  

(IX)  an  a l k e n y l   g r o u p   of   2  to   10  

c a r b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d ;  

a n d  

(X)  an  a l k e n y l   g r o u p   of   2  to   1 0  

c a r b o n s ,   h a v i n g   a t   l e a s t   one  d o u b l e   b o n d   a n d  

s u b s t i t u t e d   by  a  member   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   o f  

(a)   a r y l   of   6  or   10  c a r b o n s ;  

(b)  a r y l   of   6  or   10  c a r b o n s  

s u b s t i t u t e d   by  1  to   3  m e m b e r s   s e l e c t e d  

i n d e p e n d e n t l y   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ,   h y -  

d r o x y ,   t r i f l u o r o m e t h y l ,   a l k y l   (1  to   6 

c a r b o n s ) ,   a l k o x y   (1  to   6  c a r b o n s ) ,   a l k -  

o x y c a r b o n y l   (2  to  6  c a r b o n s ) ,   c a r b o x y ,  

5 - t e t r a z o l o ,   and   a c y l s u l f o n a m i d o   ( i . e .  

a c y l a m i n o s u l f o n y l   and   s u l f o n y l a m i n o c a r -  

b o n y l )   (1  to   15  c a r b o n s )   and   p r o v i d e d  

t h a t   when  t h e   a c y l s u l f o n a m i d o   c o n t a i n s  

an  a r y l   t h e   a r y l   may  be  f u r t h e r   s u b s t i -  

t u t e d   by  a  member   s e l e c t e d   f r o m   f l u o r o ,  

c h l o r o ,   b r o m o ,   i o d o   and  n i t r o ;   a n d  



(c)   u r e i d o c a r b o n y l .  

R4  and  R6  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

h y d r o g e n   or   m e t h y l ;  

n  i s   0,  1  or   2;  a n d  

A  i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

a n d  

w h e r e   a p p r o p r i a t e ,   t h e   a c i d -   and   b a s e - a d d i t i o n   s a l t s  

t h e r e o f   and  p r o v i d e d   t h a t :  

(1)   a l k y l s   may  be  s t r a i g h t   or  b r a n c h e d  

c h a i n ;  

(2)  no  c a r b o n   of  an  a l k y l   may  be  d i r e c t l y  

b o n d e d   to  two  h e t e r o a t o m s ;  

(3)  no  h e t e r o a t o m   may  be  d i r e c t l y   b o n d e d   t o  

a  s u l f u r ,   n i t r o g e n   or   o x y g e n ;   a n d  

(4)  a l k e n y l s   of   IX  and  X  f o r   R3  may  n o t   b e  

1 , 1 - d i s u b s t i t u t e d ,   and   a  c a r b o n   of  a  d o u b l e   b o n d   m a y  

n o t   be  d i r e c t l y   b o n d e d   to   an  o x y g e n   or  n i t r o g e n  

w h e r e i n   s a i d   p r o c e s s   c o m p r i s e s   o x i d i z i n g   a  

c o m p o u n d   of  f o r m u l a   V I I a ,   V I I b ,   or   V I I c ,   r e s p e c t i v e l y .  



2.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   1  w h i c h  

c o m p r i s e s   an  o x i d a t i o n   s e l e c t e d   f r o m   a  g r o u p   c o n s i s t -  

i n g   of   t h e   f o l l o w i n g :  

(a)   o x a l y l c h l o r i d e ,   d i m e t h y l   s u l f o x i d e ,   a n d  

a  t e r t i a r y   a m i n e   in   m e t h y l e n e   c h l o r i d e ;  

(b)  a c e t i c   a n h y d r i d e   and  d i m e t h y l   s u l f -  

o x i d e ;  

(c)   c h r o m i u m   t r i o x i d e - p y r i d i n e   c o m p l e x   i n  

m e t h y l e n e   c h l o r i d e ;   a n d  

(d)  D e s s - M a r t i n   p e r i o d i n a n e   in   m e t h y l e n e  

c h l o r i d e .  

3.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   1  o r  

C l a i m  2   w h e r e i n   s a i d   o x i d a t i o n   c o m p r i s e s   u s i n g   D e s s -  

M a r t i n   p e r i o d i n a n e   in   m e t h y l e n e   c h l o r i d e .  



4.  The  p r o c e s s   of  C l a i m   1  f u r t h e r   c o m -  

p r i s i n g   f o r m i n g   a  s e c o n d   c o m p o u n d   of   f o r m u l a   I a ,   I b ,  

or   Ic  c o n t a i n i n g   a  c a r b o x y   g r o u p   in   R2,  R3,  or   R5  f r o m  

s a i d   f i r s t   c o m p o u n d   of   f o r m u l a   I a ,   I b ,   or  I c ,   r e s p e c -  

t i v e l y ,   w h e r e i n   s a i d   f i r s t   c o m p o u n d   c o n t a i n s   a  c a r -  

b o x y l i c   a c i d   e s t e r   g r o u p   in   R2,  R3  or  R5  w h e r e i n   s a i d  

m e t h o d   c o m p r i s e s   c o n v e r t i n g   s a i d   c a r b o x y l i c   a c i d   e s t e r  

g r o u p   i n t o   t h e   c o r r e s p o n d i n g   c a r b o x y   g r o u p .  

5.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   4  w h i c h  

c o m p r i s e s   c o n v e r t i n g   s a i d   c a r b o x y l i c   a c i d   e s t e r   g r o u p  
i n t o   t h e   c o r r e s p o n d i n g   c a r b o x y   g r o u p   by  h y d r o l y s i s .  

6.  The  p r o c e s s   of   C l a i m   1  or   C l a i m   4 

f u r t h e r   c o m p r i s i n g   f o r m i n g   a  t h i r d   c o m p o u n d   of   f o r m u l a  

I a ,   Ib  or   Ic  c o n t a i n i n g   a  s u l f o n y l a m i n o c a r b o n y l   g r o u p  
in   R2,  R3  or   R5  f r o m   s a i d   f i r s t   or   s a i d   s e c o n d   c o m -  

p o u n d   of   f o r m u l a   I a ,   Ib  or  I c ,   r e s p e c t i v e l y ,   w h e r e i n  

s a i d   f i r s t   or  s a i d   s e c o n d   c o m p o u n d   c o n t a i n s   a  c a r b o x y  

g r o u p   in   R2,  R3,  or   R5  by  c o u p l i n g   s a i d   c a r b o x y   g r o u p  
w i t h   t h e  a m i n o   g r o u p   of   a  s u l f o n a m i d e .  

7.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   6  w h i c h  

c o m p r i s e s   a  c o u p l i n g   s e l e c t e d   f r o m   u s i n g   a  m e m b e r   o f   a  

g r o u p   c o n s i s t i n g   of   t h e   f o l l o w i n g :  

(a)   l - e t h y l - 3 - ( 3 - d i m e t h y l a n i n o p r o p y l ) c a r b o -  

d i i m i d e   h y d r o c h l o r i d e   and  4 - d i m e t h y l a m i n o p y r i d i n e   i n  

m e t h y l e n e   c h l o r i d e ;   a n d  

(b)  1 , 3 - d i c y c l o h e x y l c a r b o d i i m i d e   and  4 -  

d i m e t h y l a m i n o p y r i d i n e   in  m e t h y l e n e   c h l o r i d e .  
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